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SYNOPSIS 

The study of "Methods Used i n  Kleasuren~ent and Analysis O E  Sediment 
Loads i n  Streams" was inaugurated i n  1939 by the  Tennessee Valley 
Authority, Corps of Engineers, Department of Agriculture,  Geological 
Survey, Bureau of Reclamation, and Off ice  of Indian Af fa i r s  i n  conjunc- 
t i o n  wi th  the  Iowa I n s t i t u t e  of Hydraulic Research. This study l ed  t o  
t h e  development of improved equipment f o r  sampling suspended f l u v i a l  
sedimeat. Experimental models of t h e  US D-43 depth-integrat ing sampler 
and the  P-43 point - in tegra t ing  sampler were completed i n  1943. These 
experimental models and severa l  dup l i ca tes  of the  D-43 sampler were sub- 
sequently t e s t ed  i n  the  f i e l d  i n  conjunction wi th  o ther  sedin~ent  samplers 
i n  cu r ren t  use  t o  obta in  comparative da ta  on t h e  accuracy, sampling 
c h a r a c t e r i s t i c s ,  and p r a c t i c a b i l i t y  of the  samplers developed under t h i s  
pr0gra.m. Comparative t e s t  d a t a  submitted by t h i r t e e n  f i e l d  o f f i c e s  were 
compiled i n  a progress r epor t  date? December 1944, e n t i t l e d  "Comparative 
F i e l d  Tes ts  on Suspended Sediment Sanplersf ' .  The present  r epor t  suctiar- 
i z e s  comparative f i e l d  tests conducted between the  sub i~ i s s ion  or' t h e  
above repor t  and December 1946, o r  f o r  which the  da ta  was not  a v a i l a b l e  
a t  t h e  t i tm of the  e a r l i e r  r epor t .  

The US P-43 and D-43 Sc?:,~pPcrs were t e s t e d  by the  Qtaaha and L i t t l e  
Rock D i s t r i c t s ,  Corps of Engineers, and by a f i e l d  pa r ty  of representa-  
t i v e s  of t h e  Geological Survey, Bureau of Beclal.iation, t h e  Corps of 
Engineers, and the  So i l  Conservation Service.  The r e s u l t s  of these  t e s t s  
genera l ly  agree  wi th  those of the  preceding progress r epor t ;  and i n d i c a t e  
t h a t  t h e  sampling c h a r a c t e r i s t i c s  and bas ic  p r i n c i p l e s  of the  US P-43 and 
D-43 sediment sariplers a r e  super ior  t o  those of the  sarilplers previously 
used. Considerable revis ion  i n  t h e  P-43 sampler appeared t o  be necessary; 
and a s  a r e s u l t  an i~rproved model was designed and constructed.  The D-43 
sampler j u s t i f i e d  i t s e l f  and i s  being adopted widely f o r  rou t ine  sedir~lent 
saupling i n  streams of average depshs and v e l o c i t i e s .  Under severer  con- 
d i t i o n s  a heavier  sar,ipler with a valve  t o  c l o s e  t h e  in take  upon reaching 
the  s t r e m  bed would b e  des i rable .  The bas ic  p r inc ip les  of these  samplers 
may be  nodif i e d  f o r  spec ia l  smnpling condit ions which preclucie t h e i r  u s e  
i n  present  form. 

This r epor t  was i n i t i a t e d  in December 1946 when the laboratory work 
of t h e  Interdepartmental  Co-cn~ittee was centered a t  the  Iowa I n s t i t u r e  
for Bydraulic Research, I n  1948 t h e  Cosra7ittee1s labora tory  work was 
t r ans fe r red  t o  t h e  S t ,  Anthony F a l l s  Hydraulic Laboratory, Universi ty of 
Minnesota, where t h i s  r epor t  was prepared f o r  publ ica t ion .  
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REPORT D 

COMPARATIVE FIELD TESTS ON SUSPENDED SEDZMENT SAMPLERS 

1. Introduction--Between 1943 and 1946, severa l  of t h e  Federal 
agencies which have sponsored t h e  j o i n t  study f o r  improvement of the  meth- 
ods of measurement and ana lys i s  of sediment loads i n  streams have conducted 
f i e l d  t e s t s  t o  determine the  sampling c h a r a c t e r i s t i c s  and c o r r e l a t i o n  
f a c t o r s  of var ious  sediment samplers. The purpose of these  tests was t o  
compare the  sampling e f f i c i ency  and u t i l i t y  of o ld  types of samplers with 
t h e  point- and depth-integrat ing samplers developed under t h e  committee 
sponsorship. This i s  the  second progress r epor t  on comparative t e s t s  
made by f i e l d  agencies. The f i r s t  progress r epor t  was submitted t o  t h e  
Connnittee i n  December 1944. 

Af ter  t h e  completion of the  December 1944 Progress Report, o the r  
f i e l d  agencies submitted test d a t a  on sampler c~mpar i sons  which a r e  com- 
p i l e d  and discussed here. This r epor t  a l s o  includes notes  on f i e l d  con- 
ferences,  sampler demonstrations, and o ther  a c t i v i t i e s  pe r t a in ing  t o  t h e  
f u r t h e r  development of suspended sediment samplers and sampling equipment, 

2.  F ie ld  t e s t s  by Corps of Engineers, Omaha, Nebraska--During 
September and October 1944, t h e  Omaha D i s t r i c t  Corps of Engineers conduct- 
ed comparative f i e l d  t e s t s  on the  Omaha regular ,  Omaha modified, US P-43, 
and US D-43 samplers. The r e s u l t s  of these  tests were submitted 8 January, 
1945. (See Appendix-A) The samplers used i n  these  t e s t s  a r e  described i n  
t h e  December, 1944 Progress Report. 

The t e s t s  were conducted i n  the  L i t t l e  Sioux River a t  Kennebec, Iowa, 
and i n  the  Missouri River a t  Omaha. The flow i n  both streams was approx- 
imately normal and the  sediment loads were not  exceptional .  The depths a t  
t h e  sampling v e r t i c a l s  i n  the  Missouri ranged from about 11.0 t o  15.0 f e e t  
and i n  t h e  L i t t l e  Sioux from 5.0 t o  8.0 f e e t .  The sediment concentrat ion 
i n  the  Missouri ranged from about 1.0 t o  2.0 grams per  l i te r  and i n  t h e  
L i t t l e  Sioux from about 0.5 t o  1.5 grams per  l i ter.  The samplers were 
t e s t e d  under a s  nea r ly  comparable sampling condit ions a s  p rac t i cab le .  
The r e s u l t s ,  therefore ,  a r e  bel ieved to  r e f l e c t  c o r r e c t l y  t h e  e f f e c t  of 
t h e  inherent  d i f f e rences  i n  samplinii, ac t ion  and sampling method of t h e  
r e spec t ive  samplers. 

The sampling r a t i o s  indica ted  by t h e  Omaha tests are given i n  Table 1. 
These r e s u l t s  confin11 those found i n  previous tests by t h e  Omaha D i s t r i c t  
which were reviewed i n  the  December 1944 Progress Report i n  respect  t o  
t h e  regular  Omaha and the  D-43 samplers. The da ta  i n d i c a t e  t h a t  t h e  
concentrat ions i n  samples taken with t h e  regular  Omaha sampler a r e  about 
32 per cent higher than i n  D-43 samples. A d i f fe rence  of 14 per cen t  i n  
t h e  same d i r e c t i o n  was indica ted  i n  t h e  e a r l i e r  t e s t s .  The v a r i a t i o n  i n  



t h e  r e s u l t s  of these  groups of t e s t s  undoubtedly i s  Cue t o  the  f l u c t u a t i o n  
of the  sediment concentrat ion i n  the  streams and t o  the  f a c t  t h a t  p r e c i s e  
t e s t i n g  technique cannot b e  used i n  f i e l d  operat ions.  The various groups 
of tests made on the  Oinaha regular  and the  D-43 san~plers  c o n s i s t e n t l y  indi -  
c a t e  t h a t  e a ~ p l e s  taken wi th  the  fon-aer contain an excess ai~lount of sediriient. 

TABLE l 
SUMMARY OF FIELD TESTS ON SEDIPIENT Sk&FLERS 

BY U ,  S. ENGINEER OFFICE, OIWHA, NEBUSKA 
SEPTEEBER-OCTOBER 1944 

so. of 
Sa~np 1 e r  s Co~;rpari- S a ~ ~ p l  ing  Rerxirks 

sons Ratio 

Or~aha/P-43 40 1 . L l  Missouri 9-23 September 
&iiaha/?-43 18 1.12 L i t t l e  Sioux 6 Septenber 
Ozraba/P-43 2 4 1.21 L i t t l e  Sioux 4-5 October 
Onaha/P-43 2 5  1.28 Missouri 10 October 

Mean 1.18 

Onaha/D-43 2 4 1.29 L i t t l e  Sioux 4-5 October 
Ol;laha/D-43 25 1.34 Missouri 10 October 

Mean 1.32 

%aha (Mod .)/P-43 2 4 D. 99 L i t t l e  Sioux 4-5 October 
Omaha  mod.)/^-43 2 4 1.06 L i t t l e  Sioux 4-5 October 

Xn the  September-Qctober t e s t s ,  t he  Omaha regular  samples show 18 per 
c e n t  higher concentrat ion than those taken with the  P-43 sampler. These 
r e s u l t s  a r e  reasonable i n  view of the  discrepancy i n  sampling performance 
of t h e  Omaha sampler i n  respect  t o  the  D-43 sampler discussed i n  the  fore-  
going paragraph. 

The t e s t s  on the  Omaha modified sampler i n  respect t o  rhe D-43 and 
P-43 samplers i n d i c a t e  sampling r a t i o s  of and 0.99, r e spec t ive ly ,  
These values a r e  somewhat smaller  than chose given f o r  corresponding 
comparisons i n  the  1944 Progress Reporr. A s  i n  the  e a r l i e r  comparisons, 
t e s t s  i n d i c a t e  t h a t  the  Omaha modified sarnp1.e~ a l s o  o b ~ a i n s  heavier  con- 
cen t ra t ions  than the  US depth- o r  poinr- in tegra t ing  sa~itplers.  Corre la t ion  
f a c t o r s  based on these  t e s t s  would be u n r e l i a b l e  due t o  lack  of p rec i s ion  
i n  making the  t e s t s  and an inadequate number of comparisons. 

The r e s u l t s  obtained concurrently wi th  the  Omaha samplers under 
supposedly i d e n t i c a l  san~pldng condit ions a r e  more e r r a t i c  than those  sb- 
ta ined with the  P-43 sampler. The v a r i a t i o n  of individual  sample 



coizcentrations from the  mean concentratiort a t  a given point  is  g r e a t e r  f o r  
t h e  Onraha samplers than f o r  the  P-43,  Sediment s i z e  analyses i n d i c a t e  a l s o  
t h a t  the  Omaha samplers c o l l e c t  a l a r g e r  percentage of coarse p a r t i c l e s  than 
does the  P-43. This discrepancy may be a t t r i b u t e d  t o  khe f l a t  su r face  on 
top  of t h e  Omaha sampler around t h e  in take  which probably permits  f a l l i n g  
p a r t i c l e s  t o  lodge near  the  in take  and t o  be  washed i n t o  t h e  sampler j a r  
during the  sampling period.  

I n  t e s t i n g  the  P143 sampler i n  the  Omaha D i s t r i c t ,  t h e  mechanical 
performance was c lose ly  observed and f a i l u r e s  of various types were noted. 
A. tabula t ion  showing the  number of times each rype occurred i s  given i n  
Appendix A. A l l  of these  d i i ' f i c u l t i e s  can be correc ted  i n  t h e  proposed 
e l e c t r i c a l l y  operated poinc- in tegra t ing  sampler. 

3.  a. 

The L i t t l e  Rock D i s t r i c t  Corps of Engineers t e s t ed  the  US P-43 and the 
Texas samplers i n  Novernber aend December 1944. The r e s u l t s  of these  tests 
were submiLted i n  reports dated  25 January 1945 and 25 August 1945. (See 
Appendix B.) The t e s t s  were made i n  t h e  Arkansas River a t  t h e  Main S t r e e t  
b r idge  in L i t t l e  Rock. 

The Texas sampler, also known a s  the  F a r i s  o r  U.S.D.A.  sampler, is 
described i n  t h e  1944 Progress Report. This sampler i s  o r d i n a r i l y  lowered 
t o  the  0.6-dep~h point  i n  t h e  sampling v e r t i c a l ,  t he  in take  being plugged 
wi th  a rubber s topper.  The stopper is  jerked out  of the  in take  by means 
of an a u x i l i a r y  l i n e .  The sampler i s  l e f t  a t  the  sampling point  £or  a 
s h o r t  period t o  permic the  conta iner  t o  f i l l ,  then ra i sed  t o  t h e  su r face  
without replac ing the  s topper ,  Obviously, i a u l t y  samples a r e  obtained 
due t o  the  i n i t i a l  inrush which occurs immediately a f t e r  the  in take  is  
opened and due t o  contamination from l e v e l s  above the  sampling point  dur- 
ing  t h e  ascent  oE the  sampler. I n  t h e  L i t c l e  Rock ceses, the Texas sampler 
was operated a s  described above and a l s o  without using a stopper at a l l .  
I n  t h e  l a t t e r  type oE t e s t s ,  t h e  sampler was Lowered rap id ly  t o  the  
sampling po in t ,  and a i t e r  a b r i e f  sampling period i t  was r a i s e d  rap id ly  
to  t h e  surface .  I n  t h i s  case,  contamination would occur on both t h e  
descending and ascending t r i p s  oE the sampler. 

The r e s u l t s  ok t h e  tescs made i n  the  L i t t l e  Rock D i s t r i c t  a r e  sums 
maxized i n  Tabbe 2.  



TABLE 2 

SUMNARY OF FIELD TESTS OM SEDIMENT SAMPLERS 
BY U, S. ENGINEER OFFICE, LITTLE ROCK, ARKANSAS 

DECENBER 1944 

Samplers No. of Concentration Sampling Remarks 
compared corn- per  cent  r a t i o  

parisons 

Texas  exas as S 17 .192/ .201 .96 8 Samples taken a t  0-6 
depth 

Texas MS/P-43 DI 28 .140/. 143 .98 Texas sampler a t  0.5 
depth. P-43 used 
a s  depth- in tegra tor  

Texas NS/R-43 

Texas IVS/P-43 

.210/.220 -95 Samples taken a t  0.6 
depth 

.118/.26f .84 Samples taken a t  0.6 
depth. Only sedi -  
ment coarser  than 
0.01 rmn. 

S - Texas Sampler with stopper; NS - Texas sampler without s topper.  

The sampling r a t i o s  indica ted  by these  t e s t s  may not r e f l e c t  t h e  t r u e  
sampling c h a r a c t e r i s t i c s  of t h e  Texas s sn~p le r  i n  respect  t o  the  US P-43 
sampler. The r e s u l t s  i n  Table 2 a r e  cons i s t en t  wi th  those obtained i n  
s imi la r  t e s t s  made by the  Albuquerque Engineer D i s t r i c r ,  which were 
discussed i n  the  December 1944 Progress Report, but t h e  p o s s i b i l i t i e s  a£ 
e r r o r  i n  the  Texas sampler a r e  g rea te r  than would be evident i n  t h e  
L i t t l e  Rock t e s t s .  T ~ b l e  2 shows t h a t  the  average concentrat ions obtained 
wi th  the  Texas sampler without the  stopper a t  0,6-depth a r e  5 per  cent  
lower than those obtained wieh the  P-43 sampler a t  the  same points  and 
t h a t  the  former sampler missed about 1 6  per cen t  of the  p a r t i c l e  s i z e s  
l a r g e r  than 0.01 mi l l imeters  5.n diameter.  Had the  l a t t e r  colnparison 
been ii~ade between 0.6-depth Texas sanples and the  in tegra ted ,  o r  point  
integrated--veloci ty t r ave r se  sa~nples,  the discrepancy would have 'seen 
g r e a t e r .  Ver t ica l  ve loc i ty  curves corresponding t o  the  point - in tegra ted  
sanples taken with the  US P-43 sampler at various depths i n  the  s a ~ ~ i p l i n g  
v e r t i c a l s  were no t  obtained and, consequently, the  point  integrated--  
ve loc i ty  t r ave r se  method of determining the  mean concentrat ions and 
sediment loads could not be applied.  The sediment d i s t r i b u t i o n  curves 
described by samples taken with the  US P-43 sarayler show increas ingly  



higher concentrat ions of sediment toward the  bottom of the  scream and had 
s i z e  analyses of the  saclples been rnade, undoubtedly these  would have shown 
increas ingly  l a r g e r  percentages of coarser  p a r t i c l e s  toward the  bottom. 

The L i t t l e  Rock D i s t r i c t  poin ts  out  t h a t  t h e  P-43 sampler can b e  used 
under a g rea te r  range of stream condit ions than i s  poss ib le  wi th  the  
p resen t  rnodel by a t t ach ing  standard stream-gaging weights t o  the  hanger 
bar .  A device was used on the  sampler t o  transcrit  iche ioessenger weigh% 
il'lpact t o  the  t r ipp ing  ~aechanisu head around the  current  weter s p i r a l  
connector and around the  suppleriientary weights,  These d e t a i l s  w i l l  n a r  be  
necessary i n  the  proposed e l e c t r i c a l l y  operated point - in tegra tor .  D i f f i -  
c u l t i e s  i n  operat ing t h e  ciechanical t r i p p e r  on the  P-43 sampler and i n  
secur ing sample j a r s  of proper s i z e  were reported by the  L i t t l e  Rock 
D i s t r i c t .  I n  addi t ion ,  s m e  t roub le  was caused by f r eez ing  sf water i n  
and around r~oving p a r t s .  

The L i t t l e  Rock repor t  quest ions whether t h e  equalizing chaiiiilber i s  of 
s u f f i c i e n t  capacity t o  sanple  t o  depths as g rea t  a s  SO f e e t ,  such a s  a r e  
encouncesed i n  the  lower Arkansas River. The volu~rle of the  a i r  char.~ber i n  
t h e  P-43 sa~.ipler i s  5 p i n t s ,  f i v e  t i n e s  t h e  volurrie of the  sample conta iner .  
The L i t t l e  Rock Engineer D i s t r i c t  operated the  sai,:pler i n  depths a s  g r e a t  
a s  50 f e e t .  The p r a c t i c a l  r.inxiinul;t s a ~ ~ p l i n g  depth f o r  the  a i r  chamber pro- 
vided f s  not  known, but i t  would be  somewhat g rea te r  than 50 f e e t .  Ob- 
vious ly ,  the  weight of the  P-43 sarLipleb- i s  inadequate f o r  depths such as 
t h e s e  and spec ia l  models designed f o r  these  depths could be provided wi th  
more a i r  capacity t o  balance pressures encountered a t  any p r a c t i c a b l e  
depth. 

The L i t t l e  Rock Engineer D i s t r i c t  proposea a depth-integrat ing sampler 
f o r  use  i n  rhe  lower Arkansas River wi th  t h e  following fea tures :  

a. An a i r  chamber s imi la r  t o  t h a t  i n  che P-43 sampler. - 
b. A valve t o  be opened by a l eve r  upon sc r ik ing  t h e  botkom, - 

the  sample being taken on the  ascending t r i p .  

c .  Possibly a l /8-inch nozzle and a quart  sample j a r .  - 
Plans of the  proposed sampler were submitted t o  the  S t .  Paul D i s t r i c t  

Corps of Engineers and were reviewed by Nessrs. P. 6. Bcnedict and PI, E. 
Nelson. (See Appendix D.) 

A point - in tegra tor  of the type now being developed appears t o  be  
p r e f e r a b l e  t o  a depth-integrator  under the maximum sampling condi t iens  
ind ica ted ,  The point - in tegra t ing  sampler a s  such i s  not  r e s t r i c t e d  a s  t o  
t r a n s i t  ve loc i ty  and provides da ta  for a sedirnent d i s t r i b u t i o n  curve f o r  
t h e  sampling v e r t i c a l .  Larger in take  nozzles and shor te r  sampling periods 



can be used t o  minimize the  tendency t o  clog wi th  debr is .  The point-samples, 
taken i n  equal periods of time, can be combined f o r  a composite labora tory  
ana lys i s  i f  desired.  Although more time and e f f o r t  a r e  required t o  sample 
a v e r t i c a l  by the  point - in tegra t ing  method than by the  depth- in tegra t ion ,  
t h e  da ta  obtained i n  deep streams by the  former method w i l l  be more indica- 
t i v e  of the  t r u e  sediment loads and the  sediment c h a r a c t e r i s t i c s  of the  
stream, 

4 .  Results  of comparative f i e l d  t e s t s  on suspended sediment samplers 
i n  the  Colorado River and Rio Grande Basins, Apri l  and May 1345--Representas 
t i v e s  of t h e  U. S. Geological Survey and the  Corps of Engineers conducted 
f i e l d  tests i n  the  Colorado River and Rio Grande basins between 16 April  and 
I May 1945 t o  compare t h e  sampling c h a r a c t e r i s t i c s  of t h e  P-43, D-43, and 
o the r  sediment samplers, and t o  obta in  sediment da ta  from various streams 
and s t a t i o n s  wi th in  the  area .  A t  t he  suggestion of the  Interdepartmental  
Cornnittee, a r ep resen ta t ive  of the  Bureau 05 Reclamation p a r t i c i p a t e d  i n  
t h e  f i e l d  t e s t s ;  and Later n r ep resen ta t ive  of the  So i l  Conservation Serv- 
i c e  took p a r t  i n  tests and sampler demonstrations i n  t h e  Rio Grande. 

The bas ic  da ta  obtained i n  t h e  f i e l d  t e s t s  on various samplers and the  
general observations of sampler performances a r e  given i n  Appendix C. 

The point - in tegra t ing  sampler, US P-43, equipped wi th  a t r i a l  solenoid 
t r ipp ing  device performed s a t i s f a c t o r i l y  i n  shallow depths and r e l a t i v e l y  
c l e a r  water (Animas River a t  Farmington, New Mexico) but  i t s  performance 
i n  sCreaxns wi th  higher concentrat ions (San Juan River near  Bluff ,  Utah, 
and Colorado River a t  Lees Ferry,  Arizona) was e r r a t i c  and unsa t i s fac to ry .  
The water-sediment mixture penetraded i n t o  t h e  solenoid and t r i p p i n g  
mechanism causing i t  t o  s t i c k .  This prevented f u r t h e r  u s e  u n t i l  t he  
rnechenisnt could he cleaned and dr ied .  

A nur~~ber of sarap1.e~ from the  Rio Grande a t  Albuquerque, New Mexico, 
were co l l ec ted  wi th  the  P-43 sampler with the  wechanical t r i p p i n g  device. 
The perfomance under the  f i e l d  conditions encountered (say-~plee col  lectec! 
frolii highway br idge  wi th  strear.] gaging crane) was f a i r l y  s a t i s f a c t o r y  
considering t h e  weight of t h e  experimental sarilpler. For higher s t ages  t h e  
c o l l e c t i o n  of weeds, grass,  e t c . ,  on the  suspension cable  would not  p e r n i t  
t h e  drop weights t o  s t r i k e  the  t r ipp ing  r,~eckanisn. 

The f i e l d  t e s t s ,  i n  general ,  indicated t h a t  the  P-43 sampler wi th  a 
p o s i t i v e  t r ipp ing  nechanisn e l e c t r i c a l l y  operated i s  necessary f a r  sampling 
deep streams and f o r  deterwining the  v e r t i c a l  d i s t r i b u t i o n  and p a r t i c l e  
s i z e  of suspended sedirtents. 

The TO-lb. expes i r~~enta l  D-43 sampler with an a u x i l i a r y  head and a 
50- o r  LOO-lb. C-type sounding weight a s  a bottom clos ing device ins tead  
of a f l a t  p l a t e  w a s  t e s t ed  i n  the  Colorado River a t  Lees Ferry and near 



Grand Canyon. This arrangement closed the  in take  nozzle and a i r  exhaust 
about 1 foot above t h e  stream bed. The valve and t r ipp ing  device  never 
f a i l e d  t o  operate a t  t h e  former s t a t i o n  but  during 13-16 Nay a t  t h e  l a t t e r  
s t a t i o n  the  mechanism had t o  be cleaned severa l  t i m e s .  A rninor change i n  
t h e  end bearings and a rubber s e a l  f o r  t h e  head cover would e l iminate  mosr 
of the  f i e l d  maintenance r e s u l t i n g  froni sand penet ra t ing  the  valve  a t  
xmxlmum depths . 

A dual purpose sampler (AD-45) constructed by the  Albuquerque D i s t r i c t  
was t e s t ed  i n  the  San Juan River near  Bluff and i n  the  Colorado River a t  
Lees Ferry. The shape of the  samples: resei.rbled the  C-type sounding weight,  
being c a s t  of lead wi th  a s t e e l  tubing forriling the  sample conta iner  recess .  
The b o t t l e  i s  held i n  p lace  by bronze spr ings  i n  a c a s t  aluri~incw nose 
which i s  fastened t o  t h e  body by a tapered s l i p  f i t .  A s h o r t  s e c t i o n  of 
suspension cable,  which c o i l s  around the  b o t t l e  when inse r t ed  i n t o  the  
r ecess ,  connects t h e  head and t h e  body t o  prevent acc identa l  l o s s  of t h e  
head. The sampler, which weighs 125 lbs . ,  uses in take  nozzles i d e n t i c a l  
tc those %or the  D-43 sampler. It was f i r s t  used a s  a sounding weight 
w i t h  a current  weter t o  obta in  a s e t  of ve loc i ty  observations and then 
severa l  s e t s  of sediment samples were col lec ted .  The f i e l d  opera t ion  of 
t h e  sampler appeared s a t i s f a c t o r y ,  but  i t  is bel ieved t h a t  the  cu r ren t  
meter should be  " r a t e d ' h h e n  at tached t o  the  sainpler i n  order  t o  insure  
accura te  ve loc i ty  determinations. The weight of the  s a t ~ p l e r  should a l s o  
b e  reduced t o  about 75 l b s .  for  nor;-~al f i e l d   us^. 

The conclusions f o r  f u r t h e r  improvement i n  the  s e d i ~ i e n t  sarnpling 
equipaent are a s  follows: 

a. Construct a second t e s t  model weighing about - 
75 Ibs .  with  an e l e c t r i c a l  t r ipp ing  device f o r  opening 
and c los ing the  i n t a k e  valve and a i r  exhaust. 

3. Construct 3 sampler weighing 75-100 lbs .  wi th  - 
an a u x i l i a r y  head and bottom clos ing device f o r  use i n  
deep streanls. The shape of the  sampler should approximate 
t h a t  of che present  100-lb. C-type sounding weight. 

b.  Develop a wading o r  hand sampler wi th  the  same - 
f i l l i n g  c h a r a c t e r i s t i c s  a s  t h e  present  D-43 sampler. 

c .  Adapt a s tandard head t o  the  heavy sampler - 
mentioned under item (2) i n  order  t h e t  the  sampler i t s e l f  
may be used as a sounding weight. This adapta t ion  w i l l  



permit,  a s  may be  des i red  o r  f e a s i b l e ,  the  consecutive 
determination of stream depth and v e l o c i t i e s  together  
wi th  the  c o l l e c t i o n  of sediment scrunples without  removing 
t h e  current  meter. 

Powa--As t h e  Omaha and L i t t l e  Rock Engineer D i s t r i c t  Off ices  had ind ica ted  - 
an i n t e r e s t  i n  obta in ing an improved po in t - in teg ra t ing  sampler, they were 
inv i t ed  t o  review t h e  preliminary plans f o r  an  e l e c t r i c a l l y  operated 
sampler, to  d iscuss  the  f i e l d  condit ions under which t h e  sampler would be 
operated, and t o  d iscuss  plans f o r  cons t ruct ion  of t h e  p i l o t  model and the 
f i e l d  samplers. 

The following personnel were present  a t  t h e  meeting: 

R, J. Pafford and 3. T. Mitchell ,  Omaha, Nebraska; 
E. G. Smith, L i t t l e  Rock, Arkansas; and M. E. Nelson, 
S t ,  Paul,  Ninnesota; 

L. C. Crawford and P. C, Benedict, Iowa City,  Iowa. 

After  d iscuss ion of t h e  sediment sampling equipment needed as out- 
l i n e d  i n  t h e  progress r epor t ,  "Field Tests  of Suspended Sediment: Samplers"', 
and as author ized  by t h e  InterdepartmentaL Committee on 10 Apri l  1945, i t  
was agreed t h a t  p lans  f o r  an e l e c t r i c a l l y  operated po in t - in teg ra t ing  sam- 
p l e r  would be  furnished t o  t h e  Omaha D i s t r i c t  Engineer Off ice  a s  soon a s  
prac t icable ;  t h a t  the  Omaha Off ice  would have t h e  p a t t e r n s  and two cnst- 
dngs made l o c a l l y ;  t h a t  t h e  heads and e l e c t r i c a l  equipment would b e  con- 
s t r u c t e d  i n  Iowa Ci ty  o r  some near-by c i t y  where c l o s e  supervision could 
be  given t h e  machine work by Messrs. Nelson and Benedict.. A model of the  
proposed e l e c t r i c a l  t r i p p i n g  device and escapement EOP opera t ion  of t h e  
po in t - in teg ra t ing  sampler va lve  was demonstrated. The p r i n c i p l e  of opera- 
Eion was considered s a t i s f a c t o r y  and t h e  device  was approved f o r  develog- 
ment. of d e t a i l s ,  

M r .  Smith presented the  plans of t h e  L i t t l e  Rock D i s t r i c t  for con- 
s t r u c t i o n  of a  depth- in tegra t ing  sampler for  which con t rac t s  have been 
l e t ,  A s  requested, Messrs, Nelson and Benedict reviewed the  p lans  and 
made c e r t a i n  comments on t h e  design of t h e  sampler. (See Appendix D.) 



The consensus of the meeting was tha t  che independent work on sam- 
p l e r  development carr ied out by the  L i t t l e  Rock Di s t r i c t  could have been 
avoided had the f i e l d  osf ices  of the  cooperacing agencies been advised 
promptly of actions taken by the  Committee a t  the meeting of 10 April 
1945. The minutes of future  meetings, therefore,  should be d i s t r ibu ted  
t o  f i e l d  of f ices  of the respective agencies a s  soon a s  pract icable  a f t e r  
each meeting, 

6. Report of joint conference with Tennessee Valley Authority er* 
neers on the  development of point- and depth-integrating sediment sampling 
equipment and a f i e l d  demonstration of the  US D-43 sampler--At i t s  meeting 
of 10 April 1945 the Znterdepartniental Committee decided tha t  representla-. 
t ives  of other agencies immediately connected with the  development of the  
US sediment sampling equipment should v i s i t  the  Tennessee Valley Authority 
t o  discuss sediment sampling problems,to observe f i e l d  conditions, and to  
demonstrate the use of the US D-43 sampler, On 25 October a jo in t  confer- 
ence was held i n  the TVA of f ice ,  Hydraulic Section, Knoxville, Tennessee, 
The following personnel were present: 

A .  S. Fry, M. A ,  Churchhill, and Messrs. Smallshaw and 
Burleigh 

M. E. Nelson, St .  Paul, Plinnesotn 

F. M. Bell,  A.  0. Patterson, M. 3 .  Slaughter, J. 0, Joerns, 
Chattanooga, Tennessee; P. C. Benedic t, Iowa City, Iowa 

The use and l imita t ions  of both the  point- and depth-integrating 
samplers, construcred a t  the Bydraullcs Laboratory i n  Iowa City, were 
discussed. A 50-lb. D-43 sampler used by the  Geological Survey i n  Iowa 
was presented fo r  inspection. Preliminary plans i l l u s t r a t i n g  the  pro- 
posed e l e c t r i c a l l y  operated point-integrating sampler were l e f t  with the  
Authority f o r  review and comment. 

The f i e l d  demonstration of the  D-43 sampler was made a t  the gaging 
s t a t i on  on the  French Broad River near Newport, Tennessee. Sediment 
samples were collected with the  TVA and D-43 samplers. 

Messrs. Benedicr and Nelson held general conferences on sediment 
sampling equipment, including presentation of the  D-43 sampler f o r  in- 
spection, a t  the  U. S. Engineer Of?ices, Nashville, Tennessee, and 
Louisvil le,  Kentucky; U. S. Geological Survey, Louisvil le,  Kentucky, 
Indianapolis, Indiana, and Urbana, I l l i n o i s .  



7. Development of the  e l ec t r i ca l l y  operated point-integrating s a w  
pler (P-46I-The second experimental point-integratfng sampler (P-43) was 
equipped with a mechanical valve-tripping mechanism act ivated by the  im= 
pact: Erom messenger weights. Fie ld  t e s t s  on t h i s  sampler were made by 
d i s t r i c t  o f f ices  OE the  cooperating agencies during 1943, 1944, and 1945, 
Fie ld  t e s t s  were a l so  made by representatives of the  Interdepartmental 
Committee in the  Colorado River and Rio Grande Basins i n  1945. During a 
part: of the  l a t t e r  rests, the  sampler was equipped with an experimental 
e l e c t r i c a l  valve-tripping mechanism. 

A simplified laboratory model of the valve-trippirrg mechanfsm was 
constructed fo r  test purposes. Several s i ze s  of solenoids were tested,  
each wound wich insulated copper wire  of a d i f fe ren t  diameter to  obtain 
the most e f f i c i en t  s i z e  of both wire and solenoid, These tests indicated 
thar: t he  t r ipping mechanism can b e  operated on 115 t o  24 vo l t s  using six- 
v o l t  lantern ba t t e r i e s  with a 100-Et. length o t  Ellsworth two-canductor 
cable and type-B sounding reel. 

Tke sampler, a s  planned, w i l l  weigh about 90 fbs, i n  air and sbaut  
70 Ibs. when submerged %n water. The shape i s  based on the 150-lb. C-type 
wei.ght:. The use of the p in t  millc b o t t l e  as a sample container, however, 
requires a modification i n  shape a t  the  ~arwnrd end og the  samples. 

8 ,  Modification s f  the  plans far the  50-lb, D-43 sampler--To provide 
a set of working drawings and specif icat ions  from which any contractor 
could make su.ltable pat terns  f o r  the  cast ings  and do the  necessary machine 
work, t he  or iginal  drawings were revised. The revised plans include the 
improved type of head catch developed a t  Iowa City, and miner changes in 
t he  shape of the body and the  hinge f o r  the  head. 

Copies of these plans were furnished t o  the Chief Hydraulic Engineer 
\sf the Geological Survey fo r  d i s t r ibu t ion  to  members aP the fnterdepare- 
mental Comictee and for  use i n  l e t t i n g  a contract  Ear the  construction of 
35 samplers. 
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FIELD TESTS ON SEDIMENT SAMPLERS 
(US D-43, US P-43, Omaha, and Omaha Modified Samplers) 

by 
Corps of Engineers, U,  S .  Army 

Omaha, Nebraska 

9, During the  September and October t e s t s ,  the  L i t t l e  Sioux River zL 
Xenmebec and the Nissouri River a t  Omaha were flowing normally. Although 
no attempt was made to  determine the  mean sediment concentration i n  the  
e n t i r e  r i v e r  cross sections,  no exceptional sediment loads appeared t o  be 
car r ied  by e i t he r  stream. 

2. The &aha Modified sampler i s  a regular Omaha sampler f i t t e d  with  
a 3/16-inch intake tube facing i n t o  the  current,  col lect ing samples from a 
point  about 2-112 inches above and 4 inches forward of the  intake o r i f i c e  
i n  the  regular Omaha sampler. The Omaha Modified sampler has a 4-inch 
v e r t i c a l  exhaust tube with the top beveled i n  the  same fashion a s  f o r  the  
regular &aha sampler. 

3.  Two sampling o u t f i t s  were used to take the  corresponding samples 
a s  simultaneously a s  possible. Due t o  the  inconsistency i n  operation of  'the 
P-43 sampler it was necessary to f i r s t .  observe whether o r  not the  sample 
taken was usable before the  corresponding sample was taken with the other 
samplers. In  order tha t  a minimum of var ia t ion i n  stream conditions would 
be encountered the  two o u t f i t s  were placed approximately 5 f e e t  apar t ,  I n  
the  October studies the  posit ion of the  samplers was changed from one out- 
f i t  t o  the  other a f t e r  about half  the  samples had been taken. On the  
3Iissouri River where depths of over 10 feet prevailed, f i v e  points were 
taken i n  a ve r t i ca l  t o  make one composite sample. On the L i t t l e  Sioux 
River where the  depth was l e s s  than 10 feet: only three  points were taketi 
i n  a v e r t i c a l ,  

4 ,  I n  a l l  cases, point-integrated samples were analyzed separately 
by the laboratory. Because such samples were taken a t  specified percent- 
ages of stream depth i n  accordance with the  Luby method, the  mean concentra- 
t i on  i n  the  e n t i r e  ve r t i ca l  was calculated as an average of the  sample 
concentrations. 

5. Preliminary correla t ions  of the r e s u l t s  of the  comparison tests 
have been made by t h i s  off ice .  (See Tables A - l  t o  A16 and Figs. A-1 and 
2 There i s  considerable var ia t ion i n  the  concentrations obtained by s 
par t icu la r  sampler i n  a number a£ trials made under essen t ia l ly  the  same 
stream conditions. This applies more t o  the  Omaha Regular and Omaha 
Modified samplers than to the  P-43. 



6. The mean concentrations obtained from a number of t r i a l s  gf each 
point-integrating sampler a t  the  various depths and r a t i o s  of the  concen- 
t r a t i ons  obtained by the other samplers t o  those obtained by the P-43 a r e  
given I n  Tables A l l ,  A-2 and A-3, Comparisons a r e  made t o  the P-43 sampler 
because i t  was used i n  a l l  four groups of t r i a l s ,  The mean concentrations 
i n  the  e n t i r e  ver t ica l s  a s  obtained by the various samplers a r e  given, If 
depth integrat ion data gog the  D-43 were avai lable  they were shown d i r e c t l y  
under the mean concentration for  other metbcids. 

7. I n  drawing conclusions f a ~ m  these experiments, a basis fox coma 
parison is d i f f i c u l r  t o  determine; tha t  i s ,  which sampler most nearly 
approaches the ideal  of obtaining the  t r u e  sediment concentration i n  the  
ve r t i ca l .  On the basis  of experiments made at Xawa City when the D-43 
sampler was designed, i t  should probably approach the ideal  very closely. 
The P-43 r e su l t s  conform very closely w i t &  the D-43 resu l t s ,  par t icu la r ly  
fo r  higher sediment concentrations, however there  i s  a decided lack of 
correla t ion with the Omaha Regular sampler. 

8 .  These experiments show tha t  the  Onaha acgular sampler co l lec t s  
more sediment than e i ther  the  D-43 or the P-43, !there i s  a s  great o r  
greater  var ia t ion from the mean conoentrat;ion at  any depth i n  the  samples 
taken with the &aha Regular sampler than with the  P-43. This is  possibly 
due to the  s i z e  of sediment collected,  because there i s  a tendepcy f o r  
greater  var ia t ion to  occur near the  bottom of the  stream than elsewhere 
i n  the  ve r t i ca l .  The Omaha Regular sampler co l lec t s  more coarse material  
than the  P-43. This might be due t o  collecrlbon of comparatively la rge  
pa r t i c l e s  f a l l i n g  almost ve r t i ca l ly  through the water in to  the intake o r  
onto rhe cap where they could wash i n t o  the intake bole. Such material  
would not be collected t o  any such degree by an intake which faces i n t o  
the stream. This condition a l so  would apply to  the  ve r t i ca l  exhaust tube 
of both the Omaha samplers t o  a l e s se r  degree. 

9, I n  order t o  supplement information from other of f ices  on f i e l d  
operation of the P-43 sampler, the  following summary of operatlon notes 
i s  included. Ztjo hundred t r i a l s  were made with the P-43 sampler t o  secure 
the  one hundred twenty-one samples analyzed. A log of operations indicates  
f a i l u re s  due t o  the following: 

Valve f a i l ed  t o  close 
Valve f a i l ed  t o  open 
Valve f a i l ed  t o  open u n t i l  2nd w t ,  was dropped 
Valve opm but no sample i n  j a r  
Time valve open too short  
Time valve open too long 
Tripping mechanism bound by sediment 
Sample head unlarached 

24 times 
12 times 
8 times 
6 times 
5 rbes 
6 times 
7 times 
2 times 



Ver t i ca l  rod broke o f f  near  s t r i k i n g  bar  2 times 
Hammer p in  s tuck and had t o  be  f i l e d  down 2 times 
'Wrong adjustment on set screws 2 times 
Spring on valve loose  1 time 
Pin i n  f r o n t  of hammer p in  s tuck wi th  sediment 1 t i m e  
Huts on end of plunger rods loose  1 time 

The u s e  of wrong s i z e  of weights may have caused p a r t  of t h e  valve 
f a i l u r e s  noted above. 

10. D i f f i c u l t y  w a s  experienced wi th  sediment binding movPng p a r t s  s f  
t h e  t r i p p i n g  mechanism; and much time and e f f o r t  were l o s t  determining t h e  
t i m e  t h e  sampler should be open and i n  s e l e c t i n g  a weight t h a t  would 
opera te  t h e  valve properly and not  harm t h e  t r ipp ing  mechanism. 

11, With the  P-43 sampler i t  was impossible t o  take  equal volumee sf 
sarople from each sec t ion  of t h e  v e r t i c a l .  An aetempt was made t o  c l o s e  
the  sample in take  wi th  a cork f l o a t  when t h e  j a r  w a s  f u l l  but  the  f l o a t  
d i d  not  make a s a t i s f a c t o r y  c losure ,  

12. Certain in~provements i n  design would f a c i l i t s t e  ehe operat ion 
and inc rease  the  accuracy of the  P-43, A s  indica ted  i n  paragraph 9, 
mechanical f a i l u r e  of the  t r ipp ing  mechanism caused most of the  d i f f i c u l t y  
i n  opera t ing  the  sampler, A solenoid o r  o the r  e l e c t r i c a l  mechanism f o r  
opening t h e  valve should provide more p o s i t i v e  ac t ion .  Provision could be 
made f o r  t h e  valve t o  c l o s e  when a given volume of sample had been obtained,  

13.  This o f f i c e  i s  s a t i s f i e d  wi th  t h e  valve in take  used on t h e  P-43 
sampler. During the  tests, t h e  spring-actuated valve d i d  not  bind wi th  
sediment or g ive  any o the r  noticeable t rouble .  The diving-bell  p r i n c i p l e  
t o  prevent i n i t i a l  inrush  i s  a d e s i r a b l e  f ea tu re .  The P-43 sampler w i l l  
approach t h e  i d e a l  f o r  p r e c i s e  f i e l d  suspended-sediment measurement when 
t h e  problems involving the t r ipp ing  mechanism a r e  solved. 



TABLE A - 1  

COMPARISON TESTS OF SUSPENDED-SEDXmNT SAMPLERS 
Yur.*-r-rrJ--"----r---------"---------------------"--------*-4---*-"---*- 

:OMAHA E3GULAR SAIQLER: US P-43 SAM?UR : RATIO 
."-a-~d-*L----"r------.--------------d----""------*--w-.""---"--"-- 

3epth : Sample : Concentra-: Sainple : Time : Concentra- : Omaha 
i n  : volume : t ion  sample: volume :submerged:tion sample : regular 

feel: : cc : gmlliter : cc : secs.  : @/liter : t o  P-43 
e - - - - - - ~ - " " a u ~ m - - p - - - ~ - ~ - - C - - - - - - - - - - - - - - - - - " - " " - - - - - - - b ~ - " - - - " - - - - " - - u - * " - " - L -  

6 Sept. 1944, L i t t l e  Sioux River, Kennebec, Iowa, depth 7.8 f t , , S t a ,  14-15 

1 .Q 
4.7 
6.2 

Mean 
1 .Q 
4.7 
6.2 

Mean 
1.6 
4.7 
6.2 

Mean 
1.6 
4.7 
6.2 

Mean 
1.6 
4.7 
6.2  

Mean 
1 .Q 
4.7 
6.2 

Mean 
1.6 
4.7 
6.2 

Mean 



TABLE A-1 (Cont.) 

C0ME)ARISOM TESTS OF SUSPENDED-SEDII'GNT SAPPLEBS 
-"-,,",,,r,,,,-,,,,~"--~"----""r.r.-r.r.r.r.r.""-~~--~"""-"-"~~~--~-"-~*-~-"-"--- 

:OMAHA REGULAR SMLER: US P-43 SAi'G'LER : RATIO 
'---"--"-------------*.--"---"-"--"-"------*----"-----":"-------- 

Depth : Sample : Concentra-: Sample : Time : Concentra- : Omaha 
i n  : volume : t i o n  sample: volume :subrnesged:tion sample : r e g u l a r  

f e e t  : cc  : grnl l i te r  : cc : secs .  : gmlliter : t o  P-43 
- - _ I I - I ~ U I - - - - - I - L - " e - - - " - - 1 - - - " - - ~ - - - - - " - - ~ ~ - - " - ~ - - " - - - - " " - - - - " - - - " - - - - " - - -  

9 Sept .  1944 Missouri River a t  Omaha Depeh 14.6 ft. 

Sta .  1-0-85 S ta .  1-P-80 

1 . 3  
3.8 
6.4 
9.2 

12.7 
Mean 

1 .3  
3.8 
5.4 
9.2 

12.7 
Mean 

1.1 
3.4 
5 -8  
8.3 

11.5 
Mean 
1.1 
3.4 
5.5 
6.3 

11.5 
Mean 

12 Sept .  1944 Missouri River a t  Omaha Depth 13.2 f t .  
Sta .  1990 Sta .  14-25 



TABLE A- 1 (Cont . ) 
COP1PARISOkl TESTS OF SUSPENDED-SEDIBBNT S W L E R S  

- -"-- - - - -*"""I"-""--"--- -"-""--~-- - - - - - - - - - -""~*---"-- -* ,~-- - -*-- - -  

:OMAHA REGULAR SAMPLER: US P-43 SAHPLER : RATIO 
:-"-----------"------"."-------"----------*-------"--**:"-------- 

Depth : Sample : Concentra-: Sample : Time : Concentra- : Omaha 
i n  : volume :tion sample: volume :submerged:tion sample : regular  

feet: : cc : @ / l i t e r  : cc : secs.  : @ / l i t e r  t t o  P-43 
--------"-'-----"----------"-----m-""----------""--*-*---*-"--"-*----*---" 

13  Sept.  1944 Missouri River a t  Omaha Depth 12.8 f t .  
Sta, 14-90 Sta. 14-85 

1.1 : 310 : 
3.3 : 325 : 
5.6 : 300 : 
8.1 : 315 : 

11.1 : 345 : 
Mean : 
1.1 : 310 : 
3.3 : 295 : 
5.6 : 315 : 
8.1 : 325 : 

11.1 ; 315 : 
Mean : 
1.1 : 325 : 
3.3 : 300 : 
5.6 : 300 : 
8.1 : 310 2 

11.1 : 305 : 
Mean : 
1,l : 340 : 
3.3 : 355 : 
5.6 : 315 : 
8.1 : 305 : 

11.1 : 310 : 
Mean : 

23 Sept. 1944 Hissotrui River at: Omaha Depth 11.6 f t .  
Sta. 1.1-85 S ta ,  14-80 

1.0 : 308 : 1.916 : 355 : 19 : 2.028 : 
3.0 : 335 : 2.000 : 405 : 22 : 1.852 
5.1 : 305 : 2.262 : 410 : 23 : 1.805 .. v 

7.3 : 320 z 2.156 : 428 : 2 5  : 1,986 - 
20.1 : 303 : 2.112 : 385 : 27 : 2.236 . 
Mean : ; 2.089 : : 1.991 : 1,049 



TABLE A-2 

COMPARISON TESTS OF SUSPENDED-SEDZMENT S k i L E R S  
MISSOURI RIVER AT ONAHA 

10 October 1944 Depth 11.4 f t .  
- * ~ U ~ ~ ~ Y , - r - - - ~ , - , - ~ , - - - - - - - - - - - - - - - ~ ~ ~ ~ - - - ~ - w - ~ ~ - ~ - - - - - - - - - - - - ~ ~ - - - m - $ - - - ~ - . ~ - . ~ - - - - -  

:ONiM REGULAR SMLEW: US P-43 SAMFLEK : RATIO 
g S t a .  1+85 Sta.  1+80 
* - * w - - - " ~ l l * ~ - " - r ~ - - ~ w . ~ - ~ ~ - - Q - - - - - - - ~ - - - - - e ~ - - - - - - - - - ~ - ~ . - w ~ - - - - - - - "  

Depth : Sample : Concentra-: Sample : Time : Concentra- : Omaha 
i n  : volume : t ion  sample: volurne :subnrerged:tion sarnple : regular  

f e e t  : cc : go/A$&er : cc : secs.  : gm/lFter : t o  P-43 
- - - - - - - - - * - * - - - " - * w * - ~ ~ ~ ~ ~ - ~ ~ b ~ - - - - ~ ~ - - - - - ~ - - - - ~ - " - - - - * - - * ~ " - e ~ - * " " - - - - - - - - -  

1 .o 
3,G 
5 .O 
7.2 
9 - 3  

M a n  
D-43 
1 .O 
3.0 
5.0 
7 , 2  
9 6 9  

Mean 
D-43 

1.0 
3.0 
5.0 
7.2 
9.9 

Mem 
D-43 
1 .0 
3.0 
5.1 
7.3 

10.1 
I.lean 
9)-43 

1.0 
3.0 
5.1 
7 . 3  

10.1 
Mean 
B-43 





COMPARISON TESTS OF SUSPENDED-SEDIHENT SAMPLERS 
LITTLE SIOUX RIVER AT KENHEBE&, IOWA 

4 ,5  October 1944 Depth 5,O f t .  
,,,,,,,,,,-&,---,----"*----"----"-*----------------~---"-&------------"----------~~-~-------*-"-------" 

:OWLHA REGULAR SAME'LER :OMAHA MODIFIED St".iI@LER: US P-43 SAWLER : RATIO 
S ta .  1+03 S ta .  14-03 S t a .  1+07 

.----------------------'--------------------"---:-------------"--------------------."--------- 
Depth : Sasnple : Conccntra-: Sample : Concentra-: Sample : Seconds : Concentra-: Chiaha 

i n  : volume :tion sample: volume : t i on  sa~nple:  volume : submerged : t i on  sample: r egu la r  
f e e t  cc : @ / l i t e r  : c c : g a l l i t e r  : cc : j p / l i t e r  : t o  US P-43 

---------P"---"-------------"--"-------------------m-------------------------""--------------"m-------- t 

1 .O 2 335 : 0,896 : 350 : 0.829 : 325 20 : 0.431 : i'> 
N 

3.0 : 325 : 0.554 : 355 : 0.620 : 355 : 22 : 0.451 : I 

4.0 : 300 : 0.700 : 350 : 0.800 : 365 2 7 : 0.630 : 
Hean . : 0,717 : : 0.750 : : 0.504 : 1.423 
B-43 : 385 : 26 : 0.416 : 

f .O : 300 : 0.633 : 355 : 0.620 : 320 : 20 : 0.438 : 
3.0 : 305 : 0.656 : 335 : 0.567 : 445 22 : 0.472 : 
4.0 ; 3.50 : 1.114 : 325 : 0.615 : 295 2 2 : 0.610 : 

Mean : 0,601 : : 0.601 : : 0.507 : 1.580 
Pi-43 : 330 2 3 : 0.515 : 

1.8 : 315 : 0.603 : 355 : 0.507 : 315 : 20 : 0.540 : 
3.0 : 300 : 0.600 : 345 : 0,696 : 280 2 2 : 0,571. : 
4.0 : 315 : 0.857 : 355 : 0,535 : 295 : 25 : 0.712 : 

Mean : 0.687 : : 0.579 : : 0.608 : 1.130 
11-4-3 s : 350 24 : 0.343 : 



I t @  
I l a d  Cd 
I $4 aa) 
t u g 0  
I !z a-r-l 
I a.'mrl i lai 
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TABLE A-4 

OPEPdiTION TESTS OF OWKR REGULAR SAMPLER 
MISSOURI RIVER AT OT4Mii.A 

10 October 1344 Sta.  14-80 Depth 11.3 f c .  
-------"---"&*--------"-------"----""-A---"---"--"--"-w--**---"-d--*-------- 

FLOAT E.l3Fcl\/fiL FLOAT INVERTED : MTXO 
: T@XING GOOD SEAL : MnKING POOR SEAL 

Depth : Szlple  : Concentra- : S a x p l e  : Concentra- : Inverted 
i n  : volulae : t ion saciple : volume :tion sarfiple : to  noma1 

f e e t  c c : gm/li ter  : cc : gr ,~ / l i t e r  : 
- - - - - - - - - - . - - C - - - - - - _ _ I - - - - " - - - - - - - - - - - w - " ~ ~ " - - - - - - " - - ~ - ~ - - - - " - - " " - - - - ~ m - w - - ~ - m m  

1 *a 
2.9 
4.8 
6.9 
9 .G 

Mean 
1 .o 
2.9 
4.8 
6.9 
9.6 

ivIean 
1 .o 
2.9 
4.8 
6.9 
9.6 

Mean 
1.0 
2.9 
4.8 
6.9 
9.6 

Mean 
1.0 
2.9 
4.8 
6.9 
9 .6 

Hean 



TABLE A-5 

CQMPARLSON TFSTS OF 0IW.U-TYPE SUSPENDED-SEDIMENT SAMPLERS 
NISSOURa RIVER AT OM;̂ iWi 

23  September 3944 Depth 10.5 ft. 
~ ~ ~ ~ - ~ " ~ - A " ~ ~ ~ ~ - ~ * - ~ ~ ~ - " ~ - " ~ ~ ~ " ~ - ~ - - - - - s ~ * ~ " ~ - ~ ~ - - - - - ~ ~ - - ~ - ~ ~ ~ " - - - - ~ - - - ~ - - ~ -  

CWIFA REGULAR SPJQLER Of lAFA XOa291Ef) S.1IWLER 
3ji5$'  Ciam, o r i c i c e  

o - - - - ~ m - - ~ - U - " - - I - - - - - - ~ - " - ~ " - - * . - - - - ~ - - - - - - " ~ ~ - ~ . - - ~ ~ . - ~ - ~ - - - - - " " - - -  

'rimc : Szmjle : Concentra- : Ratio* : Sample : Concetltza- : Ratio* 
submerged: voisnz : t i o n  sample : : volume : t i o n  s~zripie : 

secs ,  : cc : gmlliter : : cc : grnll i ter  : 

* Ratio of sediment concentrat ion for t h e  f i r s t  sample t o  sediment 
concentrat ion in the  Lndividual sample 

(1) Float  upside down i n  sampler 

( 2 )  Floa t  r i g h t  s i d e  up i n  sariipler 

(3)  Sampler l e f t  i n  sampling pos i t ion  rninir~~um tirile to f i l l ,  then raised 
and lowered between sariipling l e v e l  and river su r face  ten  times, 
Both samples. 

(4) Float  ser~~oved, both sarny l e s  



TABLE A-6 

SLMMARY OF COMPARATIVE SAMPLES 
[Average Sediment Concentration i n  Samples i n  g rams / l i t e r ]  

- s - Y e - " " " - ~ U I P " - - ~ Y - - - " - ~ - - " I l - - - ~ ~ ~ ~ - - - - - - - - - - - " - " - - - " " - - " - - - - " " - - - - - - - - -  

Stream : Nurilber :- - - - - - - - s~*~%Nx i%!J?kE& - - - - - - - - 
and : of . 
dace : Samples : P-43 : D-43 : Omaha Reg. : Omaha Mod. 

* c l - - - o l - r r l - ~ - - - - - r - - - - - - - - " - " - - ~ ~ - ~ " - - - - - - " - - - - - - - " - - " - - - - - ~ - ~ ~ " - - ~ - - ~ ~ - - ~ ~  

Missouri It. : . 
9-23 Sepr. : 4oa : 1.683 : : 1.872 

10 Oct. : 25 : 1.150 : : 1.470 
PO O c t .  5 : 1.094 : 

L i t t l e  Sioux : 
6 Sept.  : l ab  : 1,193 : ; 1,352 

4,5 O C ~ .  : 24e : 0.516 : : 0.623 : t3.5lk 
4 , s  Oct. : 8 : 0.482 : 

a 9 s e r i e s  of samples i n  ehe v e r t i c a l ,  bu t  No. 7 omitted from averages 
b 7 s e r i e s  of samples i n  che v e r t i c a l ,  but  No. 4 omitted f r ~ m  averages 
c 10 s e r i e s  of samples i n  the  v e r t i c a l ,  but  Nos. 4 & 5 omitted from averages 

NOTE: This t a b l e  i s  based on da ta  of Tables A-1, A-2, and A-3.  Samples 
wi th  t h e  P-43,  Ornaha Regular, and Oinaha Modified samplers were 
taken a t  3 o r  5 points  i n  t h e  v e r t i c a l  t o  g ive  an  average concenm 
t rae ion  f o r  t h e  v e r t i c a l .  Samples wi th  the  D-43 were depth- 
i n t eg ra ted  over che e n a i r e  v e r t i c a l ,  Some groups of samples were 
discarded from the  averages because samples wi th  t h e  Omaha Regular 
sampler were incsns i s  t e n t  for t h a t  group. 

Sampling r a t i o s  of Table 1 i n  the  eext are based on these average 
concentrat ions.  
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APPENDIX - B 
FIELD TESTS ON SEDY3ENT SAMPLERS 

(US P - 4 3  and Texas Samplers) 

by 
Corps of Engineers, U. S. Army 

L i t t l e  Rock, Arkansas 

1. Introduction. - These comments on the US P - 4 3  Sampler a r e  based 
on f i e l d  t e s t s  conducted i n  the  L i t t l e  Rock Engineer D i s t r i c t  between 29 
November t o  26 December 1944. Sediment samples were taken from the  Arkan- 
s a s  River a t  the  Main S t ree t  Bridge i n  L i t t l e  Rock, Arkansas, During the  
period of the  tests, one small r i s e  reached a stage of about 14 f e e t  on 
the  L i t t l e  Rock gage, which corresponds t o  a discharge of about 130,000 
c f s .  The minimum stage a t  which t e s t s  were made was 1.7 f t .  on the  gage, 
which corresponds t o  a flow of about 12,000 cfs .  Point samples were taken 
i n  the  ve r t i ca l  with the  P-43 sampler a t  the  bed of the  stream, a t  0.8, 
0.6, 0.4, and 0.2 depths, and a t  the  water surface, Depth-integrated 
samples were taken with the P-43 sampler a t  each s t a t i on  where the  require- 
ments fo r  minimum and maximum ra t e s  of ra i s ing  the  sampler could be s a t i s -  
f i ed .  Samples f o r  comparison were taken with t he  Texas-type sampler a t  
0.6 depth with the  b o t t l e  open when lowered and ra ised,  and with the  b o t t l e  
closed when lowered but open when raised.  About 146 samples were taken 
with the  P-43 sampler. 

2. Bypass frame fo r  sp i r a l  connector, - A regular discharge r i g  was 
used t o  sample the  Arkansas River from the  Win  S t ree t  Bridge. A bypass 
frame was used so  t ha t  the  regular s p i r a l  connector did  not prevenfl opera- 
t i o n  of the  messenger weights. This frame consisted of a piece of 3ll6-in.  
by l-l/Z-in, i ron bar bent i n to  a rectangle about 2-112 in. wide and 6 in .  
high. A s l o t  was cut  through the  bottom la rge  enough t o  i n s e r t  a shor t  
hanger bar which connected the  spiral- connector and the sampler. Another 
s l a t  was r u t  i n  the  top of the frame t o  accommodate the  0,lO-in. E l l s t~o r th  
meter cable. The s l o t  was tapped fo r  a s e t  screw to  hold t he  bypass frame 
i n  place. The frame res ted on the  anvi l  of the  sampler and had enough 
clearance above the  top s f  the  connector t o  allow fo r  the  1/4-in. movement 
of the anvi l .  The bypass frme was en t i re ly  sa t i s fac tory ,  and i t  made the  
use  of a second discharge r i g  f o r  taking samples with the  Texas sampler 
unnecessary, 

3. - Methods fo r  adding weights, - During the  December r i s e  consLder- 
a b l e  ve r t i ca l  angle existed i n  the  cable supporting the  sampler requiring 
ateachment of weights t o  the sampler, Two methods were devised fo r  at tach- 
i ng  the  weights. One method for  adding two 15-lb. o r  two 25-lb, weights 
was by use of a 5/16-in, s t ee l  rod long enough to pass through the  P-43 

.. sampler pin hole and support a weight a short  d is tance out Prom each s ide  
of the sampler. The other method was t o  use a bypass frame s imilar  t o  
t ha t  described i n  the  preceding paragraph. The frame was made from 1/8-in. 
by la in .  iron bar and extended around both the s p i r a l  connector and the  
weight which was suspended on the  hanger bar above the  sampler. The frame 



functioned s a t i s f a c t o r i l y ,  It w a s  made from a smaller s i z e  bar  than t h e  
frame f o r  t h e  s p i r a l  connector a lone  and was ra the r  f l e x i b l e  but  d i d  noC 
bend under t h e  impact of t h e  weights. 

4 . - The small weight of t h e  P-43 sampler (38 
pounds) i s  considered less of a disadvantage than has been contended by 
o the r  o f f i c e s  t h a t  have used t h e  sampler. Sf t h e  sampler were made heavy 
enough f o r  use  i n  extreme high water i t  would be too heavy f o r  convenierit 
u s e  during low and medium s tages ,  A sampler weighing between 30 and 60 
pounds with provision f o r  adding weights during high water would be  the  
most p rac t i cab le  one f o r  use  i n  t h i s  D i s t r i c t .  

5. - The valve  tr ipped s a t i s f a c t o r i l y  up t o  
depths of about 35 f e e t  when t h e  ve loc i ty  and the  sediment concentrat ion 
were %ow, bwevelr , during t h e  December rise, t h e  maximum depth sf water 
was about 50 f t ,  and t h e  messenger weights d i d  not cons i s t en t ly  t r i p  the  
valve  i n  t h e  greacer depths, Frequently t h e  valve could not  be  t r ipped 
when sampling on t h e  bottom even a f t e r  cleaning and o i l i n g  t h e  mechanism 
of t h e  sampler, The mechanism of t h e  sampler had t o  be cleaned f requent ly  
during high s tages  when the  sediment c o n c e n t r a t b n  was high, The horfzont-. 
a 1  plunger p in  s tuck f a s t  severa l  times, and the  valve cyl inder  became so 
clogged with sediment t h a t  t h e  spr ing would hardly tu rn  t h e  valve. Since 
a l a r g e  percentage of t h e  suspended mater ia l  i n  t h e  lower Arkansas River 
i s  less than 0.0001 inch i n  s ize ,  it would be d i f f i c u l t  t o  design a point- 
in tegra t ing  sampler t h a t  would prevent a l l  sediment from reaching the 
mechanism, The u s e  of an  inclosed solenoid ?or r e leas ing  t h e  valve  and a 
waterproof head t o  keep out  sediment might e l iminate  t h e  more important 
de fec t s  i n  the sampler, 

6. - The temperature was below 
freezing p a r t  of the t i m e  duaring the December rise, and water f r o z e  i n  t h e  
sampler p a r t s  when r a i s i n g  t h e  sampler Zsom the  water surface .&o t h e  
bridge. Ice co l l ec ted  beneath the  bottom of t h e  p i s ton  in t h e  sample j a r  
cmpartment, and new jars could no& be  inse r t ed  without f i r s t  thawing ou t  
t h e  sampler. Further waterproofing of the  sampler might overcome t h i s  
d i f f i c u l t y ,  

7. . "Diff icul ty  was encountered i n  obta in ing s u f f i c i e n t  
mason j a r s ,  Yiny of t h e  jars were too l a r g e  i n  diameter t o  f i t  i n  t h e  
sampler and i t  was necessary t o  Eile o f f  p a r t  of the  r i b s  02 t h e  j a r s  t o  
make them f i t ,  An add i t iona l  1/16-in. i n  the  diameter of the  sample con- 
t a i n e r  would permit us ing any p i n t  mason jars, 

a. . -The sampler yawed some i n  f a s t  water  t~hcslr no 
weights were at tached.  A sampler with a more streamlined shape and a 
flat bottom s imi la r  t o  t h a t  on t h e  Columbus weight would be des i rab le .  



The sampler tended t o  t u r n  over on i t s  s i d e  on reaching the bottom. The 
c a b l e  was badly bent  a t  a d i s t ance  above the  s p i r a l  connecOOr frame equal 
t o  t h e  length  of t h e  l a r g e  s i z e  messenger weight. This i n d i c a t e s  t h a t  t h e  
sampler was p a r t i a l l y  on i ts  s i d e  when a t  l e a s t  one of t h e  bottom samples 
w a s  taken and a s  a r e s u l t  t h e  messenger weigbe bent t h e  cable.  Water may 
have entered t h e  sampler through t h e  exhaust: tube when sampling on t h e  
bottom, a s  i t  was found t h a t  water would Plow rap id ly  i n t o  t h e  exhaust 
when t h e  sampler was t i l t e d  about 30 degrees toward the  s i d e  on which t h e  
exhaust i s  located.  

9, A i r  chamber, The quest ion a r i s e s  a s  t o  the  extent  t o  which t h e  
p resen t  design of the a i r  chamber l i m i t s  the  depth a t  which a sample can 
b e  taken. A t  depths of 60 f e e t ,  which a r e  experienced on the lower 
Arkansas River, t h e  air En the  chamber of t h e  P-43 sampler would be  com- 
pressed t o  aboue one-third s f  the  volume of t h e  chamber, and water might 
e n t e r  the  b o t t l e  from t h e  compression chamber, 

10. . The P-43 sampler was 
t e s t e d  as a depth i n t e g r a t o r  by lowering i t  t o  the  bettorn, opening t h e  
nozzle, arid taking the sample dur9ng t h e  r a i s i n g  period. During t h e  
h igh s tages  i n  December, the sampler could not  be  r a i s e d  i n  t i m e  to 
prevent  f i l l l i ng  a t  s t a t i o n s  where the water was deep and t h e  v e l o c i t y  
swi f t .  J'he r i v e r  s e c t i o n  a t  t h e  br idge  i s  comparatively deep during 
per iods  05 low s tages ,  and d i f f i c u l t y  was experienced during these  
per iods  i n  meeting %he l i m i t i n g  value of 0,36 for t h e  r a t i o  of r a t e  of 
r a i s i n g  t o  t h e  mean ve loc i ty  i n  the  v e r t i c a l  (W,/Vm). 

11. + The concentra t ions ,  i n  
percent  by weight, of the  point - in tegra ted  samples taken t o  d e f i n e  t h e  
sediment d i s t r i b u t i o n  i n  t h e  v e r t i c a l  on 8, 9,  16, 3.4, 15, and 16 Dee, 
a r e  shown i n  Figs ,  B-1 and B-2 together  wi th  the  corresponding samples 
taken a t  0 . 6  depth wi th  t h e  Texas sampler o r  depth-integrated wi th  t h e  
P-43.  The concentrat ions of depthmincegrated samples and point  samples 
a t  0-6 depth a r e  s k m  i n  Tables B-l and B-2. Table B-1 shows the  t o t a l  
sediment concentraeion and Table B-2 shows only the  concentrat ion of 
sedirnemt coarser  than 9.010 mm. 

The average concentrat ion for the Texas sampler withour. t h e  stopper 
w a s  about 4 percent  less than t h a t  f o r  the  Texas sampler wi th  t h e  stop- 
per .  The average concerrtration for t h e  P-43 sampler was abour 5 percent  
l a r g e r  khan t h a t  f o r  t h e  Texas sampler without the  stopper f o r  samples 
a t  0,6 depth,  The average concentrat ion f o r  the  P-43, used a s  a depth- 
i n t e g r a t o r ,  was about 1 percent  l a r g e r  than t h a t  for the Texas sampler 
without  the stopper but  t h e  individual  r a t i o s  var ied  from the  mean r a t i o  
by a s  much as 40 percent ,  These l a r g e  and e r r a t i c  v a r i a t i o n s  i n d i c a t e  
t h a t  s i n g l e  depkh-integrated samples do not  adequately determine the  
concentrat ion of sediment i n  a v e r t i c a l .  



12. Because t h e  Texas sampler was supported i n  a v e r t i c a l  pos i t ion ,  
i t  received p a r t  of t h e  sample whi le  being lowered t o  0.6 depth when used 
without  a stopper. A comparison was made of the  amounts of t h e  coarser  
ma te r i a l  trapped by the  Texas sampler a t  0.6 depth without t h e  stopper and 
t h a t  trapped by t h e  P-43 s8,mgler a t  t h e  same depth (Table No. 2 ) .  For I1 
sf t h e  1 3  comparisons shown In Table No. 2, the  P-43 sampler trapped more 
sediment coarser  than 0.020 millimeters than was trapped by t h e  Texas 
sampler without the stopper.  Table No. 2 ind ica tes  t h a t  t h e  perceztage 
sf  mate r i a l  coarser  than 0.010 mil l imeter  trapped by t h e  Texas sampler 
without  the  stopper i s  about 14 per  cent  less than t h a t  trapped by the  
$ 4 3  sampler. 

13. Conclusions. - The following conclusions were reached regarding 
t he  P-43 sampler when used for point  in teg ra t ion  and depth i n t e g r a t i o n ,  

(1) By us ing a bypass frame described i n  paragraph 3, samples 
can b e  obtained s a t i s f a c t o r i l y  without detaching t h e  s p i r a l  
connector on the  regu la r  discharge r i g .  

(2) Weights can be added %a t h e  sampler by u s e  of a bypass 
arrangement s imi la r  t o  t h a t  described i n  paragraph 4. 
Adding weight is  p re fe rab le  t o  the design of a sampler 
heavy enough ko be s u i t a b l e  a t  high s tages .  

(3) The use  s f  a solenoid as a s u b s t i t u t e  for t he  messenger 
weights f o r  r e l eas ing  t h e  valve and t h e  use  of a water- 
proof head t o  keep out  sediment and t o  prevent water from 
f reez ing  i n  the sampler are necessary changes i n  design.  

( 4 )  Milk b o t t l e s  for catching t h e  sample are preferable rs 
mason jars, provided s u i t a b l e  tops can be devised. An 
inc rease  of &out l / l 6 - i n .  i n  the  diameter of t h e  sample 
conta iner  i s  necessary t o  permit u s e  of aPX p i n t  inason j a r s .  

(5) Changes i n  t h e  shape s f  the sampler t o  conform more c lose ly  
to  t h a t  of t h e  Gslrambus weightamdesiat-able. 

(1) Because of l a r g e  depths and v e l o c i t i e s  Burgng high stages 
on t h e  Arkansas River and the  great depths which accompany 
small v e l o c i t i e s  a t  low s tages ,  the  use  of the P-43 sampler 
i n  i t s  present  Eom as a depth i n t e g r a t o r  i s  %%mited on t h e  
lower Arkansas River. 



(2) A sampler equipped with the following features would be 
best  for integrating on the lower Arkansas River from the 
bottom up: 

(a) An a i r  chamber similar to  that on the P-43 scuapler, 

(b) A valve to be opened by a lever upon striking the 
bottom. 

(c) Possibly a one-eighth-inch nozzle and a quart sample 
jar, 



Concentretion in % Concentration in % Concentration in % 
%la. 3C30 Depth 39.0 Sta. 6-t-20 Depfh 35.0 Sta. 10t10 Depth 24.0 

FIGURE B-I -- SEDIMENT DISTRIBUTION IN VERTICAL 

ARKANSAS ff IVER, LITTLE ROCK, ARKANSAS 
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FIGURE 8-2--  SEDIMENT DISTRIBUTION IN V E R T I C A L  

ARKANSAS R I V E R ,  LITTLE ROCK, A R K A N S A S  



TABLE B-1 

CONPARISON TEXAS AND P-43 SAMPLERS 

- - - - - - - - - - -  COEJCENT%T.rONN-N~er~estt - - - - - - - - 
Date : Texas sampler - 0.6 depth : 19-43 Sampler 
1944 : With stopper : Wjo stopper : 0.6 depth : Depth-Integ, 

- " - - - - - - L I " I I I " - - " - - - - ~ - ~ - - " - - " - ~ - " ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - " ~ ~ ~ - ~ - - - - ~ - - - - - - - ~ - - - - - - - w  

Nov. 29 : : 0.019 0.016 
0.022 . 0.017 

: 0.018 0.022 
Dec. 8 : : 0.081 0,076 

: 0.074 : 0.076 0.083 
: 0.070 0.076 0.094 

Dec.9 : : 0.095 : 0.111 0.086 
0.115 0.128 0.199 

: 0.116 : 0.138 . 0.124 
Dec. 10 : . 0.257 0.286 

0.339 0.339 0.339 
: 0.314 0.318 0.276 

Dec. 11 : : 0.411 : 0.464 : 
: 0.408 : 0.430 

Dec. 12 : : 0.331 : 0.340 0.337 
Dec. 13 : 0.278 0.267 

0.284 : 0.272 
0.327 0.283 
0.273 0.272 
0.265 : 0.262 

Dec. 14 : 0.229 0.212 0,242 0.214 
0.304 ; 0.251 : 0.229 0.277 
0.241 0.211 : 0.218 0.191 

Dec. 15 : 

Dec. 16 : 

Dec. 21 : 



TABLE B-1 (Cont.) 

COMPARISON TEXAS AND P-43 SAMPLERS 

e -....------ I P Q  
C~N~ErY'T@~I~EJ -- - p ~ r ~ e g  tt - - - - - - - - 

Date : Texas sampler - 0.6 depth : P-43 Sampler 
1944 : With stopper : W/o stopper : 0.6 depth : Bepth-Integ. 

Average Concentration Tor Corresponding 
Saenpl e s  

.201 .I92 

.I99 .I95 

.I66 .I55 
.210 .220 
.I40 -143 

.I93 : .188 

TABLE B-2 

COPPARISON OF TEXAS AND P-43 SAMPLERS 
FOR COLLECTION OF COARSER SEDIMENT FRACTION 

. - - - - - _  Coi\rCgNT@T$ORz-Sani sogrgex ~hgn-Q,O~O-r?m_.----- 
Date Texas Sampler P-43 Sampler 
1944 : withouc stopper - 0.6 depth : 0.6 depth 

Average 
concentrat ion .I18 

Rat io  - Texas sampler without s topper t o  D-43 - 0.84 



APPENDIX - C 

FIELD TESTS ON SUSPENDED SEDIMENT SMLERS 
I N  THE COLORADO RIVER AND RIO GRANDE BASINS 

(US P-43) US D-43, Colorado River, and Albuquerque Samplers) 

1. The point  integrat ing;  sampler P-43 equipped wi th  a t r i a l  solenoid 
t r i p p i n g  device performed s a t i s f a c t o r i l y  when t e s t ed  i n  t h e  Animas River 
a t  Farmington i n  depths of 1 t o  2.5 f e e t .  When res ted  i n  t h e  San Juan 
River near  Bluff and i n  the  Colorado River a t  Lees Ferry t h e  sampler per- 
formed s a t i s f a c t o r i l y  f o r  2 o r  3 samples but  subsequently s i l t  and water 
seeping i n t o  the  solenoid and t r ipp ing  mechanism caused i t  t o  s t i c k  and 
it could not  be  used u n t i l  cleaned and dr ied .  The clock sp r ing  provided 
60 d r i v e  the  valve broke and had t o  b e  repai red  severa l  times and f i n a l l y  
i t  was replaced by another. Tests  indica ted  t h a t  a sampler of t h e  P-43 
t ype  w i l l  be very easy t o  use  and w i l l  f i n d  considerable app l i ca t ion  f o r  
sampling i n  deep streams and f o r  determining v e r t i c a l  d i s t r i b u t i o n  oE 
sediment loads i f  provided wi th  a revised  p a s i t i v e  t r ipp ing  mechanism 
e l e c t r i c a l l y  operated and wi th  a s treamlined body which w i l l  minimize 
downstream drag and yawing. 

2. The I)-43 sampler was used a t  each s t a t i o n .  The 1)-43 sampler wi th  
a bottom t r ipp ing  device  u t i l i z i n g  an a u x i l i a r y  stream gaging weight i n  
p l a c e  of a bottom t r i p  p l a t e  was t e s t e d  i n  the  Colorado River a t  Lees 
Ferry  and Grand Canyon (Bright Angel.) gaging s t a t i o n s .  The valve  and 
er ipping device never f a i l e d  t o  opera te  and the  sampler was considered 
very p rac t i cab le  f o r  u s e  i n  streams wi th  depths varying from 15 t o  about 
30 f e e t .  

3. A dual purpose sampler (AD-45) constructed by the  Albuquerque 
Engineer D i s t r i c t  was  t e s t e d  i n  the  San Juan River near  Bluff ,  t h e  Colo- 
l a d o  River a t  Lees Ferry and t h e  Rio Grande a t  Albuquerque. It was f i r s t  
used a s  a stream gaging weight t o  complete a set of cu r ren t  meter ve loc i ty  
observations and then severa l  sediment samples were co l l ec ted .  The tests 
indica ted  t h a t  the  sampler performed s a t i s f a c t o r i l y  f o r  both opera t ions .  
However, under t h e  condit ions mentioned a t  these  sampling s t a t i o n s  t h e  
weight was excessive. A weight of 75 pounds would b e  more p r a c t i c a b l e  
f o r  general  use. 

4. Data on samples taken i n  t h i s  series of tes tsaszepresented  i n  
Tables 6-1 and C-4 wi th  summaries of Che da ta  i n  Tables C - 3  and C-5. 
S i z e  analyses i n  the  M.I.T. c l a s s i f i c a t i o n  a s  detemnined by B.W. tube 
a n s l y s i s  are shown i n  Tables C-2 and C-4. 



5 .  The samples obtained wi th  the  US D-43 sampler were cons i s t en t  
except t h a t  the  concentrat ions i n  samples obtained wi th  the  3/1Q-in. 
nozzle  were genera l ly  higher than those  i n  samples taken w3th t h e  1/8-in. 
nozzle. The d i f f e r e n c e  probably r e s u l t e d  from a d i f fe rence  i n  i n t a k e  
r a t i o s  f o r  t h e  two nozzles.  Although p r e c i s e  information i s  not  ava i l ab le ,  
a study of t h e  volumes of the  samples co l l ec ted  wi th  the  two s i z e s  of 
nozzles indica ted  t h a t  the  1/8-in, nozzle had a higher i n t a k e  r a t i o  or 
r e l a t i v e  sampling r a t e .  

The Albuquerque dual  purpose AT)-45 sampler compared favorably wi th  
t h e  US D-43 sampler under t h e  a v a i l a b l e  l imi ted  number of comparisons; 
b u t  t h e  da ta  a r e  not  adequate t o  support any d e f i n i t e  cancluslons on t h e  
merits of the  sampler. 

The sediment concentrat ions obtained wi th  the  Colorado River sampler 
were e r r a t i c  i n  comparison wi th  t h e  r e s u l t s  obtained wi th  t h e  Dm43 sampler. 
The d i r e c t i o n  of i n t eg ra t ion ,  type of b o t t l e  cap used, and condi t ions  i n  
t h e  stream seer~ed t o  cause ser ious  v a r i a t i o n s  i n  t h e  sampling e f f i c i ency  
of t h e  Colorado Bk.i7er sampler. 

The samples obtained wi th  the  Texas sampler (Par is  sampler) were n o t  
considered s a t i s f a c t o r y .  

The s i z e  analyses shown i3 Table C-2 appear t o  b e  cons i s t en t  except 
for  samples A and C i n  which -t11(3 c o n c e n t x a t i ~ n s  appear to  be abnormally 
high. Most of t h e  excess i n  chese samples was i n  t h e  sand s i z e s .  

6 .  The general  conclusions f o r  f u r t h e r  sampler developments a r e  as 
fol lows : 

a. Redesign t h e  P-43 sampler wi th  a streamlined body, eLect r ica1  - 
t r ipp ing  device, and weight of about 95 l b s .  

b. Design a depth- in tegra t ing  sampler weighing about 75 l b s .  wi th  - 
a bottom t r i p p i n g  device and streamlining pat terned a f t e r  t h a t  
of t h e  C-type current-meter weight. 

c .  Develop a wading sampler wi th  the  same f i l l i n g  c h a r a c t e r i s t i c s  - 
a s  t h e  simple depth- in tegra t ing  sampler. 

d. Construct a dual  type, simple depth-integrat ing sampler w i t h  - 
t h e  same f i l l i n g  c h a r a c t e r i s t i c s  a s  t h e  present  depth- in tegra tors  
f o r  use  both a s  a stream gaging weight and sediment sampler. 



TABLE C-1 

RESULTS OF COME'A?&TIVE FIELD TESTS 
ON SUSPENDED SEDIMENT SSMPLERS 

Sampler : Nozzle : Inte-  : Sample number : F i l l  time :Concentration 
: grat ion : o r h o u r  : secs. : percent 

U--e-CL---I_-~--------""--------"-"----M-------------------------------*---- 

SAN JUAN RIVER, BLUFF, UTAH 
April  18, 1945: s t a t i on  150; depth 2.6 f t . ;  veloci ty  6.28 f t . / sec .  

AD-45 : 3/1Q8t : Round t r i p :  1 7 : 0.40 
t i  1 )  2 7 0.39 
I t  I ?  3 6 0.38 
P t I I 4 7 0.39 

AD-45 118" Round t r i p  5 14 0.33 
I 1  8 1  6 2 I* 0.39 

U S  D-43 3/16" Round t r i p  10:51 a.m. 11.5 0.34 
11 PI 10:53 a.m. 11 .O 0.37 
I I I 9  10:58 a.m. 8 . 3  0.38 
P t Y I  11:03 a.m. 10.0 0.35 

US 0-43 118" Round t r i p  11:08 a.m. 32.7 0.35 
I I t t 11:13 a.m. 19.5 0.37 
I I 1 9  1 1 ~ 1 7  a.m. 28.3 0.38 

COLORADO RIVER, LEES FERRY, ARIZONA 
April 22, 1945; s t a t i on  730; depth 4.2 Et.; veloci ty  4.04 f t . / s ec .  

RD-45 1 /4" Round tlt i p  1 42 0.27 
9 @ I t  2 25 0 .33  
f P  I I 3 0.30 
1 'i B 1 4 18 0.29 
I t  l l  5 10 0.24 
9 1 I I 6 10 0.25 

US D-43 3/16t'Jt* Round t r i p  7 
I t  Dt 8 
t I I 7  9 

Some s p i l l  
** Sampler equipped w$h auxi l i a ry  (bottom tripping) head 
- No record 
Round-trip samples were depth-integrated from t h e  water surface t o  the 
stream bed and re turn 



TABLE C- 1 (Cont . ) 
RESULTS OF COMPkiREzTIVE FIELD TESTS 

ON SUSPENDED SEDIMENT SL&lPLERS 

Sampler : Nozzle : Inte-  : Sample number : F i l l  t i m e  :Concentration 
: gra t ion  : or hour : secs. : percent  

--LI-Y--~--"--"------.I-.I"-------L-CC-------"----"*------*-"----"----w----------*m- 

COLORADO RIVER, LEES FERRY, ARIZONA 
Apri l  23, 1945: s t a t i o n  680; depth 10.5 ft.; ve loc i ty  4.82 ft.1 see ,  

US D-43 : 3/16It** : Downward : P1:OO a.m. : 14.2 : 0.37 
1 D II 11:05 a.m. 15.4 xx 
St I! 11:08 a.m. 15.2 0.39 
9 i 1s 11.11 a.m. 12.6 0,38 

US D-43 3/16"* Round t r i p  11.19 a .m.  l1.0 0.48 
s e  9 1 11.22 a.m. 17.0 xx 
I t  13 - 16.7 0.39 

COLORADO RIVER, GRAND CANYON, ARIZONA 
Apri l  25, 1945: s t a t i o n  120; depth 17.6 f t .  

CoZo. R. - Round t r i p  1 22,s 
US D-43 3/16" tt  5 16.0 

S ta t ion  180; depth 20.5 f t .  

Colo. R. - Round t r i p  2 21 ,O 
US D-43 3/16!' P t 6 18,0 

S ta t ion  250; depth 19.0 f t ,  

Colo, R. .. Round t r i p  3 
US D-43 3/16It P $  7 

S ta t ion  310; depch 18.5 f t .  

Colo, R. - Round trip 4 
'JS D - 4 3  3/16$' II 8 

** Sampler equipped wi th  a u x i l i a r y  (bottom t r ipping)  head 
xx Samples were t o  have been analyzed f o r  size--no record - N o  record 
Downward san~ples w e r e  depth-integrated from t h e  water surface  downward 
t o  t h e  stream bed. 



TABLE C-1 (Cont.) 

RESULTS OF COMPARATIVE FIELD TESTS 
OM SUSPENDED SEDIW3NT SAMPLERS 

S*?.mpler : Nozzle : In te-  : Sample number : F i l l  time :Concentration 
: grat ion : o r h o u r  : secs.  : percent  

--r*~lrr--rr---r*r*---~~*-~~~~"*I)I)I)"I)I)"--&~-"-----~-~~-~--*-~~-~-~~~-~~"""-- 

COLORADO RIVER, GRAND CANYON, ARIZONA 
April  26, 1945: s t a t i o n  300; depth 22.0 f t . ;  ve loc i ty  4.30 f t , / s e c ,  

Discharge, 20,400 see. f t .  

@aTo, R, 5/16"* Round t r i p  11.06 a.m. 21.3 l .13 
IS 1 I 11:09 a.m. 19,8 1.14 
t i  11 11:11 a.m. 3.7 -0 1.3.5 
I 9  I I l l :14  a.m. 16.3 1 - 1 3  

Colo. R. 9/1bYfX Upward 11:27 a.m. 6.0 1.19 
1 I I1 21:35 a , m ,  6.4 1.25 
I I ? I  11:40 a.m. 6.2 1.18 
t t  s I 11:44 a.m, 6 -2 1.15 

US B-43 31 16" Round t r i p  11:48 a.m. 18.6 1.07 
I I 1 1  11:51 a,m, 21 .O 1.10 
18 1 1  11:54 a.m. 13.4 X .08 
1 I I I 11:57 a.m. 21.4 1 ,09 

Apri l  27, 1945: s t a t i o n  200; depth 23.2 E t . ;  velocity 5.01 ft./sec. 

Colo. R. - x Upward 10:13 a , m ,  5.8 0,96 
9 9  t I 10:18 a.m. 5.5 0.92 A 
t i  1 1  10:22 a.m. 5.6 0.98 
I 1  11 10:26 a.m. 5.4 - 

* With 1/8  i n .  a i r  exhaust 
x Na a i r  exhaust 
xx Samples were t o  have been analyzed f o r  size--no record 
- No record 
Upward samples were depth-integrated by opening the  in take  a t  tba 
stream bed and sampling upward t o  the  water surface.  
L e t t e r s  following concentrat ion i d e n t i f y  samples analyzed fsr s i z e  



TABLE C-1 (Cont.) 

RESULTS OF COWA&lTIVE FIELD TESTS 
ON SUSPEHDED SEDImNT SAiiLERS 

Sampler : Nozzle : Inte-  : Sample number : F i l l  time :Concentration 
: gration : or hour : secs. : percent 

------------------------------"---------"----"--"----"-------"-"*-"---"--"-- 

COLORADO RIVER, GRAND CdiNYON, ARIZONA 
April  27, 1945: s t a t i o n  200; depth 23.2 f t . ;  veloci ty  5.01 f t . / s ec .  

C Q ~ O .  R. : - X : Round t r i p :  10:30 a.m. : 20.4 : - 
I I P t 10:33 a.m. 34.0 0.77 3 
9 P t 1 10:36 a.m. 29 .6 0.79 
e P P P 10:39 a.m. 34.6 0.78 

Colo. R. , X Upward 10:44 a.m.  14 ,Q 0.95 
11 9 1  10:50 a .m.  14.0 1.00 C 
t t  1) t  10:54 a.m.  19.2 0.88 
P I  P S  10:59 a.m. 15 .0 0.89 

Downward 
I t  

US B-43 1/8"** Downward 2:42 p.m. 24.8 0.76 
f t P ?  3:04 p.m. 20.2 0.79 
8 P 1 1  3:08 p.m. 27 .O 0.72 P 
IP I 1  3:13 p.m. 28.6 0.75 

US 0-43 I/$"** Round t r i p  3:20 p.m. 27.8 0.76 
8 l 9 9 3:26 p.m. 29.8 0.76 
v P 19 3:30 p.m. 28.0 0.74 G 
9 1  9 1 3:37 pen .  31.2 0.75 

US D-43 3/16"* Round t r i p  3:47 p.m. 16.2 0.79 
SI I t  3:49 p.m. 1 9 . 3  0.77 
I *  I t  3:53 p.m. 16.2 0.76 H 
0 s  ? I 4:02 p.m. 18.8 0.79 

YC;~ Sar'lpl er equipped w i  tI; aux i l i a ry  (bo ttora tr ipping) head 
x No a i r  exhaust 
- No record - 44 - 



TABLE C- 1 (Cont . ) 
RESULTS OF COMPARATIVE FIELD TESTS 

ON SUSPEmED SEDIMENT SAMPLERS 

Sampler : Nozzle : In te-  : Sample number : F i l l  t i m e  :Concentration 
: grat ion : or  hour ; secs.  : percent 

---"----1---"-"-------"----"--"--"----"----------------------*-----------e-- 

COLORADO RIVER, GRAND CAHYON, ARIZONA 
&lay 14, 1945: s t a t i o n  200; depth 29.0 ft.*; ve loc i ty  9.22 f t .  /see. 

Discharge, 59,000 sec.-f t .  

US D-43 : 1/3"** : Downward : 1 l : l O  a.m. : 13.5 : 0.79 
P I 11 11:15 a.m. 14.4 0.76 
I t  I 1  11:35 a.m. 15.7 xx 
f I  I t  11:45 a.m. 14.9 - 

Colo. R. - Round t r i p  1:20 p.m. 26.0 xx X 

I! 9 I 1:25 p.m. 27.5 0.77 

Colo. R. - x Upward 1:45 p.m. 18.5 0.70 
t I  I) 1:50 p.m. 18.3 xx 
17 17 2:00 p . ~ n .  18.8 0.76 

my 15, 1945: s t a t i o n  200; depth 29.5 ft.vt; ve loc i ty  9.57 f t .  / sec .  
Discharge, 62,000 sec.-f t .  

US D-43 1/8s'** Downward 9:40 a.m. 15.8 0.55 
0 1  1s 9:45 a,m, 16.8 0.90 
I 1  19 9:50 a.m. 16.5 xx 

US D-43 3/ 16"** Downward 10:OO a . m .  9 .4  0.87 
I D  8 F 10:05 a.m. 12.0 xx 
P? I 1  10:10 a.m. 10,O 0.87 

US D-43 1 /8"** Downward 10:15 a.n. 16.6 8.88 
I S  1 1  10:20 a.m. 18.3 0.73 
1 1  I I 10:25 a.m. 19.4 0.76 

C 0 l o . R .  5/16" Upward 11:05 a.m. 15.5 0.83 
II 1 1  11:20 a.m. 18.5 xx 
I I  st 11:25 a.m. 14.8 0.79 
I f  8 1 11:30 a.m. 17 ,O 0.74 

* Not corrected f o r  downstseam d r i f t  of the sampler 
** Sampler equipped with aux i l i a ry  (bottom t r ipping)  head 
x No a i r  exhaust 
xx Smples  were t o  have been analyzed for size--no record  
- No record 

- 45 - 



TABLE C - 1  (Cone. ) 

RESULTS OF COWARfiTIVE FIELD TESTS 
ON SUSPENDED SEDIMENT SAMPLERS 

Sampler : Nozzle : In te -  : Sample number : F i l l  time :Concentration 
: gra t ion  : o r  hour : secs.  : percent  

"----P-P-r----------~--------*-"--""--~----------~---"-------"----------"e"- 

COLORADO RIVER, GRAND CANYON, ARIZONA 

May 16, 1945: s t a t i o n  200; depth - - - - ; ve loc i ty  - - - - - 
US D-43 : l /gTs** : Downward : 9 :35 a.m. : 22.4 : 0.82 

S I  1: 9:40 a.m. 21 .0 ... 
t I S f  9:50 a.m. 20.4 0.95 

US D-43 31 lQgPJck Downward 9:55 a.m. 11.6 0.78 
8 f 9 9 10:OO a.m. 1 2  .O .. 
9 f I ?  10:05 a.m. 12,4 0.84 
8 D I f  10:15 a.m. 10.3 0.91 

US D-43 1 /8"** Downward 10:20 a.m. 19.8 0.71 
I t  9 f 10:25 a.m. 19 .Q 0.83 

*'k Sampler equipped with a u x i l i a r y  (bottom t r ipping)  head 
- No record 

TABLE C-2 

S I Z E  ANALYSES OF SAMPLES FROM 
COLOMDO RIVER, GRAND CANYON, ARIZONA 

Reference : Sediment : PERCENT OF SPQPLE IN SIZE RANGE SHOWM 
symbol : Concen. :- - - - - - - (3 .L -2 .-CLA.~&~LCATLON~- - - - - _ - 

: i n  sample : Clay : Fine : Med. : Coar.: Fine : Med. : Coar.: 
: Percent : : s i l t  : s i l t  : s i l t  : sand : sand : sand : 



TABLE C-3 

SUMMARY OF COMPARATIVE FIELD TESTS 
ON SUSPENDED SEDImNT SAPlPLERS 

Sampler : Nozzle : f n t e -  : Tota l  : Average : - - - - - - - -  c ~ ~ E ~ ~ r ~ N - ~ T ~ o s  - - - - - - - 
: g r a t i o n  : Samples : Concen. : Base, D-43 : Base, D-43 : Base, D-43 : Base, D-43: 

: percent  : 3/16" RT : 1/8'"T : 3/16" Dn : I/$" Dn : 
- - 

SAN JUAN RIVER, BLUFF, UTAH 
Apr i l  18, 1945 S t a t i o n  150 Depth 2.6 f t .  Veloci ty 6.28 f t .  per see .  

COLORADO RIVER, LEES FERRY, ARIZONA 
Apr i l  22, 1945 S t a t i o n  730 Depth 7.2 ft. Veloci ty 4.04 f t .  per  sec .  

AD-45 1 /4" Rnd . t r i p  6 0.280 1.05 
US D-43 3/16" t D 3 0.267 1 .OO 

Apr i l  23, 1945 S t a t i o n  680 Depth 10.5 f t .  Veloci ty 4.82 f t .  per  sec. 

US D-43 3/1QsD Downward 3 0.380 0.96 1 .OO 
US D-43 3/16" Rnd. t r i p  2 0.395 1 .OO 1.04 

COLORADO RIVER, GRAND CANYON, ARIZONA 
A p r i l  25, 1945 S t a t i o n  120, 180, 250 Approx. depth 19 ft, Veloci ty - - - 

Colo, R,  - Rnd. t r i p  3 0.697 0.99 
US 1)-43 3/16'' I I  3 0,703 1 .OO 



TABLE C-3 (Cont.) SUMNARY OF COPIPARATPVE FIELD TESTS 

April 26,  1945 Station 308 Depth 22.0 ft. Velocity 4.30 f t ,  per  sec. 

US D-43 3/16" Rnd. t r i p  8 1.104* 1 ,OO 
Colo, R, 5 / 16"- 4 1,138 1.03 
Colo. R. 9 / 1 6"X Upward 4 1.192 1.08 

April 27,  1945 Station 208 Depth 23.2 f t .  Velocity 5.01 f t ,  per sec,  

Colo. R, - Rnd-trip 3 0.780 1 .OO 1.04 1.01 1.03 
Colo, R. -X Ugw ar d 7 0.940* 1.21 1.25 1.22 1.25 
US D-43 3/16" Downward 8 0,772 0.99 1.03 1 .00 1.82 
US D-43 1/8" et 4 0.755 0.97 1 ,00 0.98 1 .OO 
US D-43 1/8" Rnd.trip 4 0,752 0.97 1.00 0.97 1.00 a 
US D-43 3/16" 11 4 0.778 1 ,OO 1.03 1.01 1.03 3 

May 14, 1945 Station 200 Depth 29.0 Velocity 9.22 f t .  per sec. I 

US D-43 1 /8" Downward 2 0.775 
Colo, R. .. X Rnd. t r i p  1 0,770 
Colo. R, -X Upward 2 0.730 

May 15, 1945 Station 200 Depth 29 .5 Velocity 9.57 ft, per sec. 

US D-43 1/8" Downward 5 0.824* 
US D-43 3/16" $9 2 0.870 
Colo. R. 5 /  16'! Upward 3 0.787 

May 16, 1945 Station 200 Depth - - - Velocity - - - 
US 1)-43 1 8  Downward 4 0.778* 
US D-43 3/16" I I  3 0.843 

* Average of a11 samples i n  two similar groups 
** With E/8 in. aLr exhaust 

x No air exhaust - No record 



4 t;:t 
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TABLE C-4 

COWARATIVE FIELD TESTS OF SUSPENDED-SEDIMENT SAMPLERS 
Rio Erande - Albuquerque, New Mexico 

_ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ - - " ~ - - - ~ ~ - - ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ - - ~ - " ~ ~ - ~ ~ - - - " ~ - - - - ~ m - ~ - ~ ~ - - ~ ~ - " - - - - - - * - - - - - - " - " - ~ - " - ~ - - - - - - - - - - - " - - - - - - - -  

Samp- Date O; F i l l  Nozzle % % of Sample i n  S i z e  Range Shown 
l e r  Discharge Time Depth Time S i z e  Sedim. Clay F ine  Med. Coarse F ine  Med. Coarse 

( c i s )  ( sec)  ( i n )  by W t .  S i l t  S i l t  S i l t  Sand Sand Sand 
_ _ _ _ _ _ 1 _ _ _ _ _ " _ _ _ _ _ _ - - - ~ " - - ~ ~ - ~ ~ - ~ - ~ - - - " ~ ~ " - " " ~ - - v ~ ~ - ~ - " - * - - " - ~ - * - - - " - ~ ~ " - " - - " - % m - - - ~ - - - - - " - - - - - - - - - - - - - - - - - - - - " - " - - - "  

12:16 pm In t eg .  8 .4  3/16 .6376 
12:20pm " 8.2 .6241 12 14 16 24 24 10 0 
12:23pm " 10.0 .6524 16 9 17 19 26 11 2 
12:26pm " 3 1  .6211 
12:28pm " 9.0 .6690 14 12 14 18 25 11 6 
12:30 pm " .6075 14 11 14 24 25 12 0 

2:49pm " 9.4  " .5998 19 11 14 22 22 9 3 
2:52pm " 8.2 II .5697 

2 :54 pm " 10 ,2  .5145 18 16 16 23 22 4 1 
2:56 pm " 9.4  " ,5807 

AD-45 5-4-45 12:40 pm In t eg .  6.6 3/16 .7140 14 7 1 3  22 34 10 0 
5344 12:42 pm " 9.0 .5733 

st  12:45pm " 10.2 I I  .6547 14 10 16 21 28 11 0 
9 1  12:47pm " 9.8  .60S6 

I )  12:53pm " 10.0  " .6063 16 11 15 22 24 10 2 
1 8  12:58pm " 10.5  .6498 16 8 15 21 27 11 2 

D-43 5-8-45 11:20 am In t eg .  10.0 3/16 2.1824 4 2 4 8 16 22 44 
# I  10800 11:22 am " 16.0 " 1.4862 6 4 5 12 38 35 0 

11 11:30am " 14.0 " 1.0214 9 5 8 15  43 20 0 

11:4Oam " 12.0 " 1.1224 8 4 8 1 3  40 27 0 
t t  II 11:42am " 11 .O " 1.1255 7 6 7 15  32 30 3 

11:45 am " 11.0 " 1.9300 5 3 4 6 22 37 23 

Texas 
,, 

,t 

It  

, I  

0 

12:45 pm 
12:45 pm 
12:48 pm' 
12:52 pm 
12:55 pm 
12:57 pm 

1:00 pm 
1:00 pm 
1:02 pm 
1:05 pm 
1:05 pm 
1:06 pm 
1:08 pm 
1:13 pm 
1:18 pm 
1:21 pm 
1:23 pm 
1:27 pm 

I n t e g .  

0 . 6 ~  

l .oa  

$ 8  

D-43 5-10-45 1:55 pm In t eg .  10 .0  3/16 .8997 6 3 7 17 46 21 0 
10700 2:00 pm " .7927 5 2 7 16 57 1 3  0 

)I 2:05 pm " " 1.1264 4 3 5 11 50 26 1 

2 :06 pni " 10.0 " 1.2160 3 3 4 11 31 40 8 

2:08pm " " 1.2186 2 2 6 1 3  28 48 1 
2:lOpm " 12.0  " 1.0668 4 2 5 1 4  32 39 4 

a - Point  sample a t  i nd i ca t ed  depth i n  f t .  below water  su r f ace  
b - Po in t  sample a t  0.6 of t o t a l  depth 



TABLE C-4 (Cont. ) 

COMPARATIVE FIELD TESTS OF SUSPENDED-SEDIKENT SAMPLERS 
Rio Grande - Albuquerque, New Mexico 

- - - - - - -" - - - - - - - - - - - - - - - - - - - - - - - - - -u- - -" - - -" - - ." -" - - - - -" - - - - - - -w--" - - - -" - - - - - - -p- -" - -" - - -" - - - - -" - * - - - - - - - - - - - - - - - - - - -""- -  

Samp- D a t e &  F i l l  Nozzle % % of Sample i n  S i z e  Range S h a m  
l e r  Discharge Time Depth Time S i z e  Sedim. Clay F i n e  Med. Coarse F ine  Med. Coarse 

(cfs) ( s e c )  ( i n )  by W t .  S i l t  S i l t  S i l t  Sand Sand Sand 

3:03 pm I n t e g .  
3:08pm " 

3:lO pm " 

3:15 pm " 
3:20pm " 

3:25pm " 

3:27pm " 

3:29 pm " 

3:30pm " 

Texas I n t e g .  

5-19-45 3:00 pm I n t e g .  
7906 3:02 pm " 

3.04 pm " 

3:06pm " 

3:08pm " 

3:lOpm " 

3:17 pm " 
3:20 pm " 

3:23 pm " 

3:26 pm " 

3:30 pm " 

3:32pm " 

4:25 pm " 

4:27 pm " 

4:35pm " 

a - P o i n t  sample a t  0.6 of  t o t a l  depth - 
sampler lowered t o  0.6 depth,  opened and allowed t o  sample, 
then ranoved from stream whi le  s t i l l  open. 

h - P o i n t  sample a t  1 .0  f t .  below wate r  s u r f a c e  by same 
procedure a s  (a) .  



TABLE C-4 (Cont .) 

COMPARATIVE FIELD TESTS OF SUSPENDED - SEDINENT SAMPLERS 
Rio Grande - Albuquerque, New Mexico 

--------"--------""------"---""----"----------------"---------"------------------------------------------------------. 
Samp- Date  & F i l l  Nozzle % - % of Sample i n  S i ze  Range Shown 

l e r  Discharge Time Depth Time SiZe Sedim. Clay F ine  Med. Coarse F ine  Med. Coarse 

( c f s )  ( sec)  ( i n )  by W t .  S i l t  S i l t  S i l t  Sand Sand Sand 

D-43 5-22-45 10:OO am In t eg .  11.5 3/16 .6103 
8214 10:02 am " 12.0 " .6010 

10:04 am " 14.7 I t  .5771 
10:06am " 27.0 118 .6302 
10:08 am " 27.3 " .5823 
10:lOam " 26.4 " .5110 

AD-45 5-22-45 10:20 am In t eg .  27.2 118 .7181 
8214 10:23 am " 27.8 .6843 

10:26 am " 21.2 .6131 
10:30 am " 10.7 3/16 .6506 
10:32am " 11.6 .6911 
10:35am " 12.4 " .5901 

Texas 5-22-45 10:39 am Integ .  - Open .2563 
8214 10:42am " ,a .2586 

18 10:43 am 2 . 0 ~  1s .1365 

10:43 am 4.0a ,1887 
10:47 am 4 . 0 ~  - .I660 
10:48 am 2 . 0 ~  - I# . I632 

D-43 5-25-45 10:22 am I n t e g .  16.0 3/16 .8273 
6270 10:24am " 13.0 .5779 

10:25 am " 12.0 I ,  .8660 
,I 1 8  10:26 am " 11.0 " .7797 

11 10:27 am " 12.0 .7592 
10:29am " 12.0 .4718 

Texas 5-25-45 
6270 

Open 

e 

11 

I ,  

a - Point  sample a t  i nd i ca t ed  depth  i n  f t .  below water  su r f ace .  





APPENDIX - D 
M E M O m U M  ON REVIEW OF PLANS FOR PROPOSED LXTTLE ROCK DfSTRXCT 

DEPTH-INTEGRATING SUSPENDED SEDIMENT SAMPLER 

BY 
Paul C. Benedict and M. E. Melson 

The following comments a r e  of fered  based on a review of t h e  plans of 
t h e  depth-inkegrating sampler proposed by the  L i t t l e  Roclc D i s t r i c t ;  

(1) F ie ld  tests on  he D-43 s e d h e n t  sampler have ind ica ted  t h a t  
1/8-in.  diameter in takes  g ive  more e r r a t i c  r e s u l t s  than l a r g e r  nozzles,  
p a r t i c u l a r l y  during high r i v e r  s t ages ,  These inconsis tencies  may b e  due 
t o  t h e  g rea te r  tendency of the  smaller  in takes  t o  clog wi th  wastes and 
organic  s o l i d s .  Some d i f f i c u l t y  may be  an t i c ipa ted  i n  using a l j 8 - i n .  
diameter in take  i n  t h e  stream condit ions encountered i n  t h e  L i t t l e  Rock 
D i s t r i c t ,  e spec ia l ly  during f lood s tages .  

(2) The v e r t i c a l  t a i l v a n e  should be  about 3 i n .  higher than shown 
on t h e  plans t o  f a c i l i t a t e  o r i e n t a t i o n  I n  streams, but  t h e  l eng th  of vane 
could b e  reduced about 2 i n .  

(3) The point  of suspension should be a s  lob7 a s  poss ib le ,  but  not  
Less than about 314 i n .  above the  cen te r  of g rav i ty  of t h e  sampler. 

(4 )  A conical  compression spr ing  i n  the  bottom of t h e  conta iner  
r ecess  may be more s a t i s f a c t o r y  than rhe  f l a t  p l a t e  and recessed spr ing  
shown . 

( 5 )  The t r ipp ing  l eve r  should be reversed t o  lninimize t h e  tendency 
sf foul ing  wi th  sand, weeds, roots ,  e t c .  

( 6 )  A s i n g l e  l eve r  a c t i o n  head a~..tch i s  bel ieved t o  be more s a t i s -  
f ac to ry  than t h e  toggles shown. The s i n g l e ,  wide toggle  ca tch  used on 
t h e  P-43 sampler, wi th  some s l i g h t  modificat ions,  i s  bel ieved t o  be a 
s a t i s f a c t o r y  a l e e r n a t e  t o  the l eve r  ac t ion  ca tch  developed f o r  t h e  D-43 
sampler, 

(7) A b e t t e r  f i t t i n g  valve  can be  obtained i f  the  stem i s  s l i g h t l y  
tapered r a t h e r  than s t r a i g h t ,  and t h e  r o l l i n g  surfaces  a r e  lapped be fo re  
t h e  passages a r e  d r i l l e d .  

(8) Stream gaging experience ind ica tes  t h a t  b e t t e r  s t a b i l i t y  is  
obtained with sounding weights having c i r c u l a r  cross-sect ions than with 
those  having e l l i p t i c a l  sec t ions ,  Every cross-sect ion of a sediment 
sampler should have a c i r c u l a r  periphery.  



When the development of the depth-integrating sediment sampler was 
i n i t i a t e d  by the  Interdepartmental Committee, i t  was thought tha t  a 
round-trip sampler of t h i s  type could be used i n  streams of 30-ft. depth 
and tha t  a one-way, bottom-closing depth-integrator could be used i n  
streams of 60-ft. depth. A careful  analysis  of the  e f f ec t  of unbalanced 
pressure, t r a n s i t  ra tes ,  and r e l a t i ve  velocity of sampler and stream, has 
indicated tha t  the  theoret ical  maximum depths i n  which these samplers can 
be used a r e  19 and 38 f t . ,  respectively.  Suff ic ient  f i e l d  tests t o  sub- 
s t a n t i a t e  the opinion have not been performed, but apparently fo r  pract-  
i c a l  reasons sampling depths f o r  the  two-way and one-way depth-integrating 
sediment samplers should be l imited t o  about 15 and 30 fee t ,  respectively.  

The depth-integration method lends i t s e l f  well t o  rout ine  sampling 
within these l imita t ions ,  but the  t rue  charac te r i s t i cs  of the sediment 
loads i n  deeper streams and during flood periods can be obtained only 
with the point-integration method 02 sampling. While the  operating range 
of a depth-integrating sampler i s  mater ia l ly  increased by u t i l i z i n g  a 
pressure compensating a i r  chamber, a s  proposed i n  t he  L i t t l e  Rock design, 
it i s  s t i l l  subject  t o  r e s t r i c t i ons  imposed by pract icable  t r a n s i t  r a t e s ,  
l imit ing r e l a t i v e  velocity,  and capacity of sample container. These re- 
s t r i c t i o n s  a r e  su f f i c i en t ly  important t o  question whether a simple depth- 
in tegra t ion  should be attempted a t  a l l  i n  streams of greater  depth than 
30 f t .  A s ing le  sample, even as  l a rge  a s  one quart ,  does not adequately 
r e f l e c t  the  sediment load i n  a stream ver t ica l  30 f t .  o r  more deep, 
par t i cu la r ly  i n  turbulent and f a s t  flowing streams. Under chese con- 
d i t ions  several samples should be  taken to  obtain an accurate measure- 
ment of the  mean sediment load transported. Obviously, the  advantages 
of depth-integration, i t s  s impl ic i ty  and rapidicy or' sampling, which make 
t h i s  method more feas ib le  than point-integration fo r  rout ine  and shallow 
sampling, lose  t h e i r  significance when multiple samples i n  a ve r t i ca l  a r e  
required. 

The abundance of sediment data collected i n  past  years which a r e  now 
considered of doubtful value because 02 inaccurate methods and equipment 
should be an incentive t o  obtain the  best  possible basic  information on 
sediment discharge, recognizing tha t  the  cost  of sampling increases a s  
t he  sampling procedure becomes more meticulous. Lf such information i s  
of suf f ic ien t  importance t a  co l lec t  a t  a l l ,  attempts should be made t o  
obtain a degree of accuracy i n  sediment discharge measurements commensu- 
rate with tha t  expected i n  stream gaging. 

Zn deep streams and during flood periods, the point-integration 
method wouLd provide accurate deteminacions of sediment load and would 
a l so  indicate  the  quant i ta t ive  d i s t r ibu t ion  of sediment and p a r t i c l e  
s i ze s  ve r t i ca l l y  and horizontally.  The point-integrating sampler author- 
ized by the Xnterdepartmentlal Committee w i l l  incorporate some new features  



i n  design which w i l l  broaden i ts  scope considerably without excessive 
inc rease  i n  cos t .  The sanipler which i s  now being designed w i l l  u t i l i z e  
e i t h e r  a pink milk b o t t l e  o r  a round pinc f r u i t  j a r  sample coneainer, an 
e l e c t r i c a l  opening and c los ing device, and a streamlined body wi th  a 
weight of 75 t o  100 lbs .  This sampler i s  s a t i s f a c t o r y  f o r  average 
seretrans under normal flow condlCions. I n  l a r g e r  and deeper streams and 
under more extreme flow condit ions,  a s i m i l a r  sampler wi th  l a r g e r  con- 
t a i n e r  and g r e a t e r  weight may be required,  The po in t - in teg ra t ing  
sataplcr ?a!i?:y lie used a l s o  t o  c o l l e c t  depth-integrated samples. I n  

- q ., s h a ~ s ~ w  s t ~ z a n s ,  depth-integrat ion can be performed ehroughout the  t o t a l  
depeh, as with t h e  regular  depth- in tegra t ing  samplers, whi le  i n  deeper 
streams depth-inkegration can be  accomplished i n  increments, taking a 
f rac t ion  of Clxe depth a% a time. 




